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The Effect of Resin Binder Additions on the 
Properties of Molding Sands 


By EmILe Pragorr, Jr.* anp C. P. ALBus**, WILMINGTON, 


‘. 


on the properties of cores bonded with resin binder’. 








Abstract 


Studies are presented on the effect of additions of a 
pulverized high melting pine resin on the physical proper- 
ties of two synthetic bonded molding sands. The effects 
of other variables in mold making, such as ramming, dry- 
ing temperature, air-drying and storage in a moist at- 
mosphere, are studied. The effect of resin binder addi- 
tion to molding sand may be summed up as follows: The 
resin imparts added dry strength to the sand beyond that 
normally expected from the clay alone. The sand con- 
taining resin, when air-dried, will show a higher mold 
hardness and will reach this hardness sooner. When 
fully dried, the resin bonded sand will retain its dry com- 
pression strength better when exposed to moist atmos- 
phere. When subjected to heat during pouring, the resin 
is decomposed, generating an appreciable volume of gas 
of a reducing character. The resin loses bond rapidly, 
as shown by hot strength tests. The resin had little ef- 
fect on expansion of two sands examined. The addition 
of resin reduced the tendency of a synthetic bonded sand 
to crack on shock heating. Photographs illustrating this 
effect are included. Some data on the effect of other or- 
ganic materials as additions to molding sand are included. 
A method for determining gas evolution of molding sands 
when heated is described, and apparatus illustrated. 
Graphs presenting the data are appended as well as 
photographs of the testing equipment. 


DELA. 


In 1939 some information was presented to the Association 


* Sales supervisor, Hercules Powder Company. 

** Chemist, Hercules Experiment Station. 

1 Superior numbers refer to bibliography item numbers at end of paper. 
This paper was presented at a Sand Research Session of the 46th Annual 
A.F.A. Convention, Cleveland, O., April 24, 1942. 
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tion was well received and widely used by foundrymen who ap 
plied this knowledge to use resins successfully in a variety of core 
work. 

2. The purpose of this paper is to study the effect of resin 
binder additions on the physical properties of molding sand. Many 
foundrymen are familiar with the effect of other organic materials 
in molding sand. For those who are not, as well as to illustrate 
the relative magnitude of the effect of resin binder additions, some 
comparative data on other organic binders are included. These 
materials are added to molding sands for the reason that their use 
helps produce sound castings of better finish. 

3. Cereal binders are most commonly added to synthetic bonded 
steel molding sands, while sea coal is common to iron foundry 
sands. Pitch is used in both iron and steel foundry dry sands. 
Opinions differ on the manner in which these materials function. 
Cereal binders are said to improve workability, to increase dry 
strength, and to affect the surface qualities of molds developed by 
air-drying. Sea coal is believed to have more complicated actions’, 
involving the creation of a reducing atmosphere in the mold, the 
formation of a carbon coating on the sand grains, and a ‘‘cushion- 
ing effect’’ caused by temporary reduction in permeability. 

4. These better-known materials have served foundrymen well. 
It is our hope that this work, by providing a better understanding 
of the action of resins in molding sand, may help the foundrymen 
produce better molds and better castings. 


RESIN BINDERS 


5. Resins may be divided into two groups, natural and syn- 
thetic. Natural resins occur in nature in special cavities in plant 
life, while synthetic resins are those produced by chemical reaction. 
Because of their cost, synthetic resins have not been widely used 
as a binder for core or molding sands. Natural resins, readily 
available at a low cost, have found wide usage. — 

6. The most abundant natural resins are those obtained from 
pine trees. The following are several types of pine resin: Gum 
rosin is obtained by tapping the living tree and distilling the gum 
which exudes; wood rosin is obtained by solvent extraction of 
shredded pine stump wood; limed wood rosin is obtained by treat- 
ing wood rosin with lime which raises the melting point and ren- 
ders the resin more soluble in petroleum thinners. This resin, as 
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well as gum rosin and untreated wood rosin, has been widely used 
as an ingredient of core oils. So also has heat-treated wood rosin, 
which is obtained by carefully controlled heat treatment of wood 
rosin. 

7. Beginning in 1935 there was made available to foundries a 
pine resin having a character somewhat different from the other 
pine resins. This new resin was higher in melting point and dif 
ferent from ordinary wood rosin in that it was obtained by ex- 
tracting pine stump wood with solvents other than gasoline. This 
resin was found to be more suitable for use as a dry core binder 
because of its low ash, high meiting point, and higher bonding 
strength. It can be pulverized readily to the desired fineness to 
vive easy mixing with core or molding sands. When pulverized its 
melting point is sufficiently high that it can be shipped and stored 
in powdered form without danger of reversion. This type resin 
has been used by many foundries in a wide variety of core work. 
A study of its effect when added to molding sand is given to repre- 
sent the effect of resins as a class. 


Table 1 


SCREEN ANALYSES OF SANDS UseEp* 


-—— Per Cent Retained on Sieve ——. 

Sieve No. Silica Sand Lake Sand 
6 0.0 0.0 
12 0.0 0.0 
20 Facing 0.1 
30 0.2 0.5 
40 1.0 2.8 
50 5.3 11.5 
70 28.5 51.8 
100 41.7 31.1 
140 18.5 1.9 
200 4.1 0.2 
270 0.4 0.0 
Pan 0.2 Te? 
Total 99.9 99.9 
Fineness No. 71.6 55.4 

Grain Shape Subangular Subangular 





* Sands screened as received. 
** T—denotes trace. 
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MATERIALS USED 
8. The sands used in this investigation were: 
1. Silica sand, grain fineness No. 72. 
2. Michigan City sand, grain fineness No. 55. The screen 
analyses of these sands appear in Table 1. 


~ 


9. The resin binder utilized in this work meets the following 
specifications : 


Minimum Maximum 
Drop melting point 230°F. 239°F. 
Acid number 95 
Gasoline insoluble content 95% 
Screen analysis—-Material passing 30 mesh 100% — 
Material passing 80 mesh 90% — 
Material passing 200 mesh 60% 80% 


When pulverized to this fineness the resin will weigh 4 lb. per gal. 

10. The cereal binder was a cereal of the yellow type, which 
weighed 4.75 lb. per gal. The sea coal and pitch used in this in- 
vestigation are considered representative of the materials used 
commercially. Table 2 shows data on the screen analyses of these 
organic materials. Western and southern bentonite were employed 
in this investigation. 


Table 2 
ScREEN ANALYSES OF ORGANIC MATERIALS USED 


p—— Per Cent Retained on Sieve —___. 


Sieve No. Sea Coal Pitch Resin 

6 0.0 —- — 
12 0.0 — — 
20 2.0 — — 
30 13.0 0.4 0.0 
40 16.9 — — 
50 14.1 == — 
70 12.3 — oo 
80 — 15.8 0.7 
100 10.8 — = 
140 7.9 — — 
200 5.9 57.8 36.3 
270 3.5 — —- 
Pan 13.0 26.0 63.0 


Total 99.4 100.0 100.0 
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Table 3 
CHEMICAL ANALYSIS OF ORGANIC MATERIALS 


Sea Coal Pitch Resin Cereal A Cereal B 


Ash (per cent) 7.98 0.10 0.05 0.01 0.10 
Total volatile (per cent) 29.81 19.11 86.52 96.47 86.94 
Fixed carbon (per cent) 63.21 80.79 13.43 3.52 12.96 


11. In ash content, resins are low, as are pitch and cereal. In 
total volatile matter, resins are much higher than either pitch or 
sea coal; they are about the same as cereals. In fixed carbon con- 
tent, resins are low, compared with sea coal and pitch. A second 
cereal binder was examined, and was found to differ appreciably 
from the other cereal in volatile matter and fixed carbon. 


CONDITIONS OF TESTS 


12. Synthetic bonded molding sand compositions were prepared 
which would be comparable to those used in steel and iron foundry 
practice. The basie sand compositions selected were : 


Steel Foundry Sand 


Silica sand (fineness No. 72) 95 parts by weight 
Western bentonite 5 parts by weight 
Moisture 4 per cent + 0.1 per cent 


Organic additions: 
(1) Resin binder—1 per cent by weight—(equal to 1-33 by volume) 
(2) Cereal binder—1 per cent by weight—(equal to 1-40 by volume) 


Iron Foundry Sand 


Lake sand (fineness No. 55) 95 parts by weight 
Western bentonite 2.5 parts by weight 
Southern bentonite 2.5 parts by weight 
Moisture 4 per cent + 0.1 per cent 
Organic additions: 
(1) Resin —l1 per cent by weight—(equal to 1-33 by volume) 
(2) Pitch —2 per cent by weight—(equal to 1-20 by volume) 


(3) Sea coal —5 per cent by weight— (equal to 1-10 by volume) 


VARIABLES AFFECTING MoLDING SAND PROPERTIES 


13. Many factors affect the physical properties of molding sand. 
In order to show the effect which the addition of resin binder 
would produce, we endeavored to hold certain variables to small 
limits and alter others. Control tests were made throughout, using 
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the respective clay-bonded sand to which no organic material was 
added. In most cases, comparative data were obtained showing 
the effect of adding the other organic materials. 
14. The variables studied were: 
(] Effect of resin binder additions on the green and dry 
physical properties of molding sand. 


2) Effect of ramming on the properties of molding sand 


containing resin binder. 
(3) Effect of air-drying on the properties of molding sand 
containing resin binder. 
(4) Effect of storage in moist atmosphere on the strength of 
dry sand molds containing resin binder. 
(5) Effect of oven temperature during baking on the dry 
strength of dry sand molds containing resin binder. 
Effect of resin binder additions on the hot strength, ex- 


pansion, ete. of molding sand. 

(7) Effect of resin binder additions on gas evolution from 
green and dry molding sand during pouring. 

(8) Visual observations on the effect of resin binder addi- 
tion on the reaction of molding sand to thermal shock. 


15. In our work, we did not endeavor to determine the optimum 
moisture content for the sand compositions tested. This question 
has been studied extensively for bentonite bonded steel sands by 
Briggs and Morey®. Individual considerations in each foundry 
determine what shail be considered optimum moisture conditions 
for efficient operation. Nor did we endeavor to determine opti- 
mum mulling time for the sand compositions examined. Con- 
siderable work has been done on this question by such investigators 
as A. H. Bierker* and others. 


16. In this connection, however, it should be pointed out that 
any foundry or laboratory making studies on molding sand com- 
positions should determine the optimum mulling time for the size 
of muller employed. The 18-in. dia. laboratory muller used in 
these experiments was equipped with the newer type cross head 
which insures the intensive mixing of the materials without piling 
up in front of the plow. In all cases, moisture was held to 4.0 per 
eent + 0.1 per cent. Variation in the moisture content of a mold- 
ing sand mix would probably alter the rate of change of physical 
properties to a lesser degree in the case of finer sands such as the 
steel foundry sand, having a grain fineness of 72. It would have 
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a wreater effect in the case of the iron foundry sand, having a fine- 
ness of 55. 


TESTING PROCEDURES 


17. Most of the testing procedures applied in this work are set 
forth in the standard and tentative standard procedures of the 
AMERICAN FOUNDRYMEN’S ASSOCIATION Subcommittee on Sand 
Tests (TesTING AND GRADING oF FouNDRY SAND AND CLAYS 
Fourth Edition, 1938). There is at present no tentative standard 
procedure for hot strength tests. This is also true in the case of 
the expansion determinations and gas evolution tests. Our pro- 
cedures for these will be described later in detail. 

18. In the preparation of molding sand specimens, the follow 
ing procedure was employed: Forty-five hundred gr. batches of 
dry materials were placed in an 18-in. laboratory size mixer. In 
all mixes the sand plus clay substance totaled 4500 gr. Organic 
binders added were based on percentage of the total sand plus clay 
weight. Moisture was then added and reported as percentage of 
total weight. The dry binders were weighed and added to the dry 
sand. Dry mixing was done for a period of 1 min. and wet mixing 
for a period of 5 min. This was found to be sufficient for the size 
of batch and type of bond employed. After mixing, the batches 
were discharged from the mixer into 2-gal. pails fitted with fric- 
tion tops. 

19. Moisture determinations were made on a portion of the mix 
using a moisture teller. In our laboratory this instrument is con- 
trolled by rheostat to give a temperature of 105-110°C. It was 
found that this instrument would dry 50-gr. samples of moist mold- 
ing sand thoroughly in 5 min. The ramming of test specimens was 
accomplished by means of the standard A.F.A. rammer. In the 
case of most specimens these were 2-in. x 2-in. cylinders which 
were single end rammed. In the case of the specimens for hot 
strength and expansion tests these were 2-in. x 114-in. cylinders 
which were double end rammed with the rammer for this size 
specimen. 


20. The specimens were dried in a core oven of our own design, 
which in general meets the requirements of the Association. This 
oven is shown in Fig. 1. Heating is provided by resistance heaters. 
The oven is equipped with a blower for blowing warm air from the 
heating chamber into the oven. It is equipped with 2 rotating 








344 EFFECT OF RESIN BINDER ADDITIONS ON MOLDING SANDS 











Fic. 1—LaABoRATORY CorRE OVEN. 


shelves which will carry a large number of specimens. Change in 
oven atmosphere is controlled by 2 vents on the oven. Tempera- 
ture is controlled by thermostat to + 2°F. and recovery to desired 
temperature is rapid. This oven was equipped with a recording, 
indicating, and controlling pyrometer. 

21. Such elaborate equipment is not necessary for control work. 
However, a recording pyrometer will always show how quickly 
the oven regained the desired temperature. It will also show any 
irregularities caused by power failure, ete. It is thus more useful 
for research work on foundry sands. The operating range of this 
oven was from 150°F. to 650°F. After drying, the dry sand core 
specimens were allowed to cool in desiccators which contained 
ealeium chloride. This was done because of the tendency of dried 
molding sand specimens to absorb moisture from the atmosphere 
rapidly and lose dry strength. 


Discussion OF Test RESULTS 


22. Since the character of steel foundry molding sands is rather 


different from that of iron foundry molding sands, discussion of 
test results is naturally divided into these two logical sections. 
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EFFECT OF RESIN BINDER ADDITION ON THE PROPERTIES OF STEEL 
FounpryY MoLpING SANDS 


23. In Table 4 is shown the effect of adding 1 per cent of resin 
binder to silica sand bonded with 5 per cent bentonite by weight. 
For purposes of comparison, similar data are included illustrating 
the effect of the addition of 1 per cent cereal binder to the same 
silica sand-bentonite composition. 


Table 4 


EFrrect oF Resin BINDER ADDITION ON PHYSICAL PROPERTIES 
or STEEL FounpRY MoLpING SAND 


Materials—Parts by Weight No. 1 No. 2 No. 3 
Silica sand 95 95 95 
Bentonite 5 5 5 
Cereal binder — 1 — 
Resin binder — — 1 
Moisture (per cent) 4.1 4.0 3.9 
Green compression strength (lb. per sq. in.) 5.1 7.0 6.4 
Green permeability 111 115 102 
Flowability 85 77 82 
Deformation (in./in.) 0.017 0.027 0.018 
Resilience 87 189 115 
Mold hardness 75 82 80 
Dry compression strength (lb. per sq. in.) 33 113 170 
Dry permeability 146 163 138 


24. The addition of resin binder had the following effect: 


Green strength (lb. per sq. in.) —increased from 5.1 to 6.4 
Green permeability —decreased from 111 to 102 
Flowability —decreased from 85 to 82 
Deformation (in./in.) —no change 0.017 to 0.018 
Resilience —increased from 87 to 115 
Mold hardness —increased from 75 to 80 
Dry compression strength —increased from 133 to 170 
Dry permeability —decreased from 146 to 138 


25. The principal effect of the resin binder addition was that 
of increasing considerably the dry sand strength. This is brought 
about by a cementing action of the resin particles distributed 
among and between the clay coated sand grains. The resin is not 
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water soluble, nor does it swell in water as do cereals. Hence, its 
noticeable effect on green strength is probably brought about by 
an increase in green frictional strength rather than green cohesive 
strength. The resin offers increased resistance to the sliding of 
sand grains, one over another. The greater dry strength of the 
mold containing a resin addition should be a factor in producing 


cleaner castings. 


Errect oF RAMMING 


26. Modern foundry practice has directed attention toward the 
more uniform ramming of molds. We studied the effect of 
ramming through determinations made on specimens which were 
rammed respectively, 3, 6, 9, 12, and 15 blows of the standard 
rammer. These 2-in. x 2-in. cylindrical specimens were stripped 
from the ramming tube by inverting the tube. Mold hardness de- 
terminations were made by means of a mold hardness tester on the 
surface of the specimen which was face down during ramming. 
Specimens were weighed on a balance to the nearest 0.1 gr. The 
height of each rammed specimen was determined by placing on 
each specimen a thin metal disc, then placing the specimen under 
a dial gauge ealibrated to 0.001-in. By means of the formula be- 
low, the green apparent density was determined. 


: . weight of green specimen 
Green apparent density — ———— —$____—____— 
volume of green specimen 


Since volume = r*h W 
then green apparent density = —— ; 
3.1416 (1)*h 


The formula may be further simplified to: 


weight in gr. 


sity — ——__——_ me ra 
Density =)" (in.) x 3.1416 x (1)? x (2.64)8 





or 


weight in gr. 


Denaite’ a2 ements 
eney = bh (in.) x 51.7 


27. This density will read gr. per cu. em. It is felt that by this 
method we arrive at a more accurate measure of green apparent 
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density than by endeavoring to ram exactly to a height of 2-in. 
After determining the height, a green compression test was made 
on the same specimens. Dry sand tests were made on specimens 
whose density had been determined while in the green state. Re- 
sults of these tests are shown graphically in Figs. 2, 3, 4, 5, and 6. 
28. In Fig. 2, it will be seen that as molding sand containing 
bentonite alone is rammed harder the permeability decreases. This 
also holds true when the molding sand contains 1 per cent resin. 
The effect of 1 per cent cereal is to increase slightly the permeabil- 
ity of a bentonite bonded sand, when it is rammed 3 rams. This 
effect is apparently lost when molds are rammed harder; i.¢., 6 
rams or more. In Fig. 3, the effect of ramming on green com- 
pression strength is shown. Green strength increases with degree 
of ramming. The effect holds true for steel molding sands to 
which either resin or cereal is added. In Fig. 4, we show the effect 
of ramming on the green apparent density of these sand mixes. 
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MOLDING SAND. 


The addition of 1 per cent resin decreases the density slightly. 

29. In Fig. 5 is shown the effect of ramming on mold hardness. 
A bentonite bonded steel sand required 9 rams to reach mold hard- 
ness of 85. When 1 per cent resin was added to this sand, it 
reached 85 mold hardness in 6 rams. Cereal binder produces a 
comparable effect. For a given number of rams the sand con- 
taining resin produced higher mold hardness than that containing 
clay alone. 

30. In Fig. 6 is shown the effect of ramming on dry compres- 
sion strength. Increasing the number of rams from 3 to 6, raised 
the dry strength of the bentonite bonded sand from 122 to 154 Ib. 
per sq. in. In the sand containing the addition of 1 per cent resin 
binder, the added ramming increased the dry strength from 183 
to 229 lb. per sq. in. Thus we have the possibility of making use 
of ramming and of resin binder additions to greatly increase the 
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dry strength of dry sand molds. This effect of ramming carries 
over into the hot strength® of such sands. Further tests are to be 
made along such lines. Since many foundries use equipment for 
ramming molds which gives a higher hardness than is obtained with 
3 rams of the standard rammer, this may suggest that when evaluat- 
ing clays, dry binders, ete., attention should be paid to the mold 
hardness normally required in the foundry and specimens be 
rammed accordingly. This would probably give a truer picture of 
the action of the sand under operating conditions. 


EFrect OF DryIna TEMPERATURE ON PROPERTIES OF STEEL 
FOUNDRY SANDS 


31. Many foundries add organic materials to their molding 
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SAND. 
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Fic. 5—Errect or RAMMING ON MOLD HARDNESS OF STEEL FouNDRY MOLDING SAND. 


sand compositions to impart additional strength to those molds 
which are dried in the oven or those which are torch-dried on the 
surface or skin-dried. In Table 5, we present data illustrating 
the effect of drying 2-in. x 2-in. laboratory specimens for 2 hours 
each at temperatures of 230, 400, 500 and 600°F. Comparative 
data are presented for a steel sand containing bentonite alone, one 
containing bentonite plus 1 per cent resin binder and one contain- 
ing bentonite plus 1 per cent cereal binder. As the temperatures 
increased from 230° to 600°F., little change occurred in the dry 
strength of bentonite bonded sand. In the case of the sand con- 
taining the resin binder, the dry strength increased from 170 lb 
at 230°F. to 209 lb. at 400°F., increasing further to 223 lb. at 
500°F., and finally falling to 200 lb. per sq. in. at 600°F. The 
comparative data for the composition containing cereal show that 
as the drying temperature is increased, the dry strength decreases 
steadily up to 500°F. and rapidly thereafter. 
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32. From these tests, as well as from previous tests on such 
resins in cores, we see that baking at 500°F. brings out the full ef- 
fect of the resin on dry strength. Dry sand molds dried below that 
temperature would not reach optimum strength. Similarly, a dry 
sand mold dried at that temperature would probably retain more 
resistance to the metal entering the mold than would a mold which 
had been dried at any other temperature. Some of the above 
heated specimens were used for hot strength determinations at 
500°F. using a dilatometer. (See paragraphs 41, 42 and 43 for 
method.) We find that where the resin binder was added in pro- 
portion of 1 per cent by weight, the effect on the hot strength at 
500°F. did not show up until the resin had been hardened by bak- 
ing at temperature of 500°F. We present this data to illustrate 
the rather large differences which can occur, depending upon the 
conditions of drying of molds. 





LPFECT OF RAMMING ON DRY COMPRESS/ON 
STRENGTH OF STEEL FOUNDRY SAND. 
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Fic. 6—Errect oF RAMMING ON Dry COMPRESSION STRENGTH oF STEEL FouNDRY MOLDING 
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Table 5 


Errect oF BAKING TEMPERATURE ON Dry COMPRESSION STRENGTH 
oF STEEL FounpRY MonpING SAND 


Materials—Parts by Weight No.1 No.2 No. 
Silica sand 95 95 95 
Bentonite 5 5 5 
Cereal binder — 1 — 
Resin binder — — 1 
Moisture (per cent) 4.1 4.0 4.0 


Dry Compression Strength 
(2-in. x 2-in. specimens) 


Dried 2 hours @ 230°F. 132 113 170 
Dried 2 hours @ 400°F. 122 104 209 
Dried 2 hours @ 500°F. 138 101 223 
Dried 2 hours @ 600°F. 129 81 200 


Hot Strength at 500°F. 
(1%-in. x 2-in. specimens) 


Dried 2 hours @ 230°F. 120 97 107 
Dried 2 hours @ 400°F. 103 87 117 
Dried 2 hours @ 500°F. 118 92 175 
Dried 2 hours @ 600°F. 102 70 183 


33. Although a clear picture of the properties of sands contain- 
ing a clay alone may be obtained by drying at 230°F., this work 
suggests that when evaluating a molding sand containing an or- 
ganic binder, a better picture is obtained by drying the specimens 
at the optimum temperature for the sand examined. This tem- 
perature will depend upon the nature of the imgredients in the 


sand composition. 


Errect oF Atr-DRYING ON THE PROPERTIES OF STEEL SANDS 


34. Many foundries have found it expedient to allow small 
molds to air-dry on the floor for several hours. This has the effect 
of reducing the moisture content of the face of the mold, increas- 
ing the mold hardness. Such molds have been said to produce 
castings having less sand adhering to metal. In Table 6 we have 
presented data on this effect of air-drying the 3 sand compositions 
described above. We followed the effect of air-drying by observa- 
tions on the green compression strength and mold hardness. Green 
specimens were allowed to air-dry by storing at 70°F. and 65 per 
cent relative humidity. We find that for a straight bentonite 
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Table 6 


EFFECT OF AIR-DRYING ON THE PROPERTIES 
OF STEEL Founpry Moupina Sanps* 


Materials—Parts by Weight No.1 No.2 No.$ 
Silica sand 95 95 95 
Bentonite 5 5 5 
Cereal binder — 1 — 
Resin binder — — 1 
Moisture (per cent) 4.0 4.0 3.9 
Green Compression Strength (lb. per sq. in.) 

As rammed 4.8 6.4 6.2 
After 1 hour air-drying 8.1 9.6 10.1 
After 2 hours air-drying 12.5 12.1 14.1 
After 8 hours air-drying 29.3 28.5 29.0 
After 24 hours air-drying 42 39 42 
After 48 hours air-drying 47 48 48 
After 72 hours air-drying 48 50 54 
Mold Hardness 

As Rammed 70 73 74 
After 1 hour air-drying 92 9 95 
After 2 hours air-drying 93 95 95 
After 8 hours air-drying 93 95 95 
After 24 hours air-drying 93 95 95 


bonded sand, the green compression strength increases from 4.8 
lb. to 12.5 lb. on air-drying for 2 hours. The addition of 1 per cent 
resin alters this effect only slight!y, the green strength increasing 
from 6.2 to 14.4 lb. per sq. in. A similar rise was observed in the 
ease of the composition containing cereal binder. Air-drying for 
longer periods increased the green strength further. However, 
the effect of resin or cereal was found to be slight, as illustrated in 
Fig. 7. 

35. Similar observations on mold hardness showed that all three 
sands increased in mold hardness from 70 to at least 92 in 1 hour 
and to 93 or more in 2 hours. Those compositions containing resin 
binder or cereal binder gave slightly harder molds at all times, 
reached 95 in 2 hours. Further storage had little effect on mold 
hardness. This indicates that the sand containing resin binder 
should be useful to foundries using green sand practice, since this 
composition gives higher mold hardness in shorter time of air- 
drying. 





* Green specimens air-dried @ 70°F. and 65 per cent relative humidity. 
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Fic. 7—ErFrrect oF Atr-DRYING ON THE GREEN COMPRESSION STRENGTH OF STEEL FOUNDRY 


MoLDING SAND. 


Table 7 


EFFECT OF STORAGE IN Moist ATMOSPHERE ON THE Dry COMPRES- 
SION STRENGTH OF STEEL Founpry Moupimne SANnps 


Materials—Parts by Weight 


Silica sand 
Bentonite 
Cereal binder 
Resin binder 


No.1 No.2 No.8 


95 95 95 

5 5 5 
Sak 1 sina 
a ae 1 


ERR TT PAROMITA | TD RTL 





Moisture (per cent) 

(Specimens were dried 2 hours @ 230°F., 
cooled in desiccator) 

Dry Compression Strength (lb. per sq. in.) 


After 0 hour exposure* 133 113 169 
After 1 hour exposure* 62 67 137 
After 2 hours exposure* 61 58 105 
After 4 hours exposure* 48 58 105 
After 8 hours exposure* 46 52 93 
After 24 hours exposure* 42 54 85 
After 48 hours exposure* 44 54 72 
After 72 hours exposure* 45 55 67 
* At 70°F. and 65 per cent relative humidity. 
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Errect OF ATMOSPHERE ON Dry STRENGTH OF STEEL FOUNDRY 
SANDS 


36. It has been demonstrated by English investigators®’ and 
observed by many foundrymen that a mold which has been dried 
in an oven, on being allowed to stand in air, will lose its dry com- 
pression strength and hardness, absorbing moisture from the at- 
mosphere. We endeavored to show the effect of resin binder on 
this phenomenon. In Table 7 and Fig. 8 are shown data obtained 
by exposing a number of dried specimens at 70°F. and 65 per cent 
relative humidity. It will be seen that the various sand composi- 
tions all fell in compression strength rather rapidly during the 
first 4 hours of exposure, the rate of fall decreasing thereafter. In 
the case of bentonite, the strength fell from an initial strength of 
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133 lb. per sq. in. to 48 lb. per sq. in. in 4 hours. The composition 
containing bentonite plus 1 per cent of resin binder fell from 169 
lb. per sq. in. to 105 lb. per sq. in. in the same period of time, 
while that containing bentonite plus 1 per cent cereal binder fell 
from 113 lb. per sq. in. to 58 lb. per sq. in. This is a rather clear- 
cut argument for drawing up a more specific standard procedure 
to be employed in dry sand tests. Present procedure* simply re- 
quires that specimens be allowd to cool to room temperature. 

37. In order to determine the actual amount of moisture ab- 
sorbed by the respective compositions, a number of tests were made 
in which dried specimens were weighed both before and after stor- 
age in the constant humidity room. The results appear in Table §. 
These show that after 2 hours, the compositions had absorbed 
about 0.27 per cent moisture by weight. After 8 hours, they had 
absorbed about 0.45 per cent, and after 24 hours, about 0.55 per 
cent by weight. This absorption of water is caused by the clay 
present in the sand. It should be pointed out that whereas the 
resin binder did not alter the tendency to absorb moisture, the 
actual absorption of that moisture had less effect on the strength 
of the bentonite-resin composition than on the straight bentonite 
composition. This would prove valuable in skin-drying of molds. 
The use of 1 per cent resin in molding sands dried with a torch 


Table 8 
EFrrect OF STORAGE IN Moist ATMOSPHERE ON MOISTURE ABSORP- 
TION OF STEEL AND IRON FounpRyY Moupina Sanps** 


Per Cent Moisture 
Absorbed by Weight 
2 


2 24 
Steel Foundry Sands Bonded With Hours Hours Hours 
(a) 5 per cent bentonite 0.23 0.42 0.55 
(b) 5 per cent bentonite + 1 per cent cereal 0.27 0.49 0.62 
(c) 5 per cent bentonite + 1 per cent resin 0.26 0.43 0.52 


Iron Foundry Sands Bonded With 


(d) 2.5 per cent western bentonite 


2.5 per cent southern bentonite 0.29 0.58 0.65 
(e) 2.5 per cent western bentonite ) 

2.5 per cent southern bentonite) + 5 per cent sea coal 0.34 0.58 0.70 
(f) 2.5 per cent western bentonite) 

2.5 per cent southern bentonite) + 2 per cent pitch 0.33 0.52 0.63 
(gz) 2.5 per cent western bentonite ) 

2.5 per cent southern bentonite) + 1 per cent resin 0.33 0.54 0.60 


* TESTING AND GRADING FouNpDRY SANDS AND CLAYs, Section X, pp. 1892-190. 
** Dried specimens stored @ 70°F. and 65 per cent relative humidity. This atmosphere 
contains 1.03 per cent moisture by weight. 
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or given a quick oven drving would cause the molds to retain 
strength better after such drying. 


Errect oF Restn BINDER ADDITION ON THE PROPERTIES OF IRON 
Founpry Mo.upina SANDS 


38. In Table 9, we show the effect of adding respectively, 1 
per cent resin binder, 2 per cent pitch, and 5 per cent sea coal, on 
the green and dry properties of a lake sand bonded with 214 per 
cent each of western bentonite and southern bentonite. It will be 
seen that the addition of resin increases slightly the green com- 
pression strength and decreases the permeability. It has only 
slight effect on flowability and on deformation. It increases the 
mold hardness obtained with 3 rams. The principal effect of 
adding a resin binder to such sands is shown in the large increase 
in dry compression strength. The sand plus clay had a dry com- 
pression strength of 112 lb. per sq. in. The addition of 1 per cent 
resin increased dry strength to 190 lb. per sq. in. Comparative 
data on pitch and sea coal showed the relative effect of these mate- 
rials. The large effect observed for sea coal is probably a function 


Table 9 


EFrect oF Resin BInDER ADDITION ON PROPERTIES OF IRON 
Founpry MoupiIne SANDS 


Materials—Parts by Weight No. 1 No. 2 No. 3 No. 4 
Lake sand 95.0 95.0 95.0 95.0 
Western bentonite 2. 2.5 2.5 2.5 
Southern bentonite 2.5 2.5 2.5 2.5 
Sea coal -— 5.0 — — 
Pitch — — 2.0 — 
Resin binder — — ~— 1.0 
Moisture (per cent) 4.1 4.0 3.9 3.9 
Green compression strength 

(ib. per sq. in.) 6.6 7.7 8.9 8.0 
Green permeability 167 122 127 139 
Flowability 3 82 82 81 
Deformation (in./in.) 0.019 0.015 0.020 0.017 
Resilience 125 116 178 136 
Mold hardness 79 84 84 83 
Dry compression strength 

(lb. per sq. in.) 112 164 197 190 


Dry permeability 205 156 185 193 
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of the fineness of the sample examined. Two per cent pitch has 
about the same effect as 1 per cent resin. 


Errect oF Dryrina TEMPERATURE ON PROPERTIES OF IRON 
FOUNDRY SANDS 


39. In Table 10 are given data showing the effect of drying 
2-in. x 2-in. specimens from the above iron foundry sands for 2 
hours each at temperatures of 230, 400, 500, and 600°F. These data 
show that the drying temperature had little effect on the strength 
of the sand containing clay alone. In the sand containing 1 per 


cent resin binder, optimum dry strength was obtained in specimens 


Table 10 


Errect oF BAKING TEMPERATURE ON Dry COMPRESSION STRENGTH 
or TRoN Founpry Moupine SANDS 


Materials—Parts by Weight No. 1 No. 2 No. 3 No. 4 
Lake sand 95 95 95 95 
Western bentonite 2.5 2.5 2.5 2.5 
Southern bentonite 2.5 2. 2.5 2.5 
Sea coal — 5 — —_ 
Pitch -— —_ 2 — 
Resin binder -— — — 1.0 
Moisture (per cent) 4.0 4.0 4.0 4.0 
Dry compression strength 
(lb. per sq. in.) 

Dried 2 hours @ 230°F. 108 158 197 178 
Dried 2 hours @ 400°F. 122 168 197 192 
Dried 2 hours @ 500°F. 117 160 204 191 
Dried 2 hours @ 600°F. 118 124 203 153 


baked at 400 to 500°F. The sand containing sea coal showed an 
optimum drying range of from 400° to 500°F. and that contain- 
ing pitch showed optimum drying range of 500° to 600°F. 


Errect or ATMOSPHERE ON Dry StRENGTH OF IRON FOUNDRY 
SANDS 


40. Tests were made on the effect of storage in moist atmos- 
phere on the dry compression strength of iron foundry molding 
sands. These tests were conducted in the same fashion as those on 
the steel foundry sands previously described. Data appear in Table 
11 and graphically in Fig 9. It is noted that the dry compression 
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Fic. 9—EFrect oF STORAGE IN MoIst ATMOSPHERE ON THE Dry COMPRESSION STRENGTH 
or IRoN FouNprY MoLpINnG SAND. 


strength of such sands falls rapidly during the first few hours of 
storage. This drop in strength levels off after 24 hours. These 
tests showed that in such a sand, the addition of resin binder 
maintained the strength at a higher leve! than in a sand containing 
no resin binder. This effect might be beneficial to those iron 
foundries utilizing skin-dried mold technique. Skin-dried molds 
containing resin binder should retain their strength qualities better 
than those containing no organic addition. Two per cent of pitch 
appears to give about the same effect as 1 per cent resin binder. 


Hor Strenetu Tests 

Equipment 

41. The effect of resin binder additions on the hot strength of 
steel and iron foundry sands was determined. These tests were 
made using a dilatometer. This instrument, which is illustrated in 
Fig. 10, consists of a furnace heated with a heating element, ca- 
pable of reaching a temperature of 2850°F. The heat in the fur- 
nace is regulated by means of a transformer equipped with jack 
plugs. The recording, indicating, and controlling pyrometer is 
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also shown in Fig. 10. We found this type pyrometer particularly 
effective in that it permits the close control of furnace tempera- 
ture with the minimum amount of attention on the part of the 
operator. In this type work, the use of a recording pyrometer also 
provides some insurance against change in furnace temperature 
without the operator becoming aware of this change. 

42. Considerable precautions are taken in our laboratory to 
prevent accidents which would cause injury to a person using 
the equipment or to the equipment proper. In the main 440-volt 
line providing current to the transformer, we installed a circuit 
breaker designed for operation up to 35 amps. In the same line, we 
installed a manual starter which was fused for 30 amps: thus, if 
the heating elements drew in excess of 30 amps., the manual starter 
would kick out. This had the effect of protecting both the trans- 
former and the heating elements. We placed a small switch on the 











Fic. 10—DILATOMETER AS SET UP FOR EXPANSION TEST. 
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Table 11 


EFFECT OF STORAGE IN Moist ATMOSPHERE ON Dry COMPRESSION 
STRENGTH OF IRON Founpry MoLpIne SANDS 


Materials—Parts by Weight No. 1 No. 2 No. 3 No. 4 
Lake sand 95 95 95 95 

Western bentonite 2.5 2.5 2.5 2.5 
Southern bentonite 2.5 2.5 2.5 2.5 
Sea coal ie 5 see ae 
Pitch binder _ ail 9 aie 
Resin binder om — oe 1 

Moisture (per cent) 3.9 4.0 3.9 4.0 


(Specimens were dried 2 hours @ 230°F. 
cooled in desiccator) 

Dry compression strength 
(Ib. per sq. in.) 


After 0 hour exposure* 112 164 197 190 
After 1 hour exposure* 72 110 146 150 
After 2 hours exposure* 63 84 113 120 
After 4 hours exposure* 53 71 91 91 
After 8 hours exposure* 44 70 90 92 
After 24 hours exposure* 43 61 92 76 
After 48 hours exposure* 43 59 78 73 
After 72 hours exposure* 42 61 85 73 


110-volt line between the controller and the relay contactor. This 
permitted cutting out the controller from this operation and made 
it possible for us to use it on other operations, either as an indicat- 
ing or recording pyrometer. The relay contactor actuates the 
primary of the transformer in turn, causing the elements to heat 
up in the furnace. 


Method 

43. In these hot strength tests, there is at present no standard 
procedure. In our work, all specimens were rammed with the 114- 
in. specimen rammer. Specimens were double end rammed. They 
were dried at 230°F. for 2 hours, were removed from the oven, and 
placed directly into a desiccator where they were allowed to stand 
until cool. In making the hot strength tests, the dilatometer was 
first raised to the desired temperature; for example, 500, 1000, 
1500, 2000, or 2500°F. In all cases, the temperature was controlled 
to + 15°F. A specimen was placed in the furnace and allowed to 


* At 70°F. and 65 per cent relative humidity. 


























$6z EFFECT OF RESIN BINDER ADDITIONS ON MOLDING SANDS 
Table 12 
Errect or Resin BINDER ADDITION ON THE HoT STRENGTH OF 
STEEL Moupina SAnps 
Materials—Parts by Weight No. 1 No. 2 No. 3 
Silica sand 95 95 95 
Bentonite 5 5 5 
Cereal binder —- 1 — 
Resin binder — — 1 
Moisture (per cent) 4.1 4.0 3.9 
Dry compression strength (lb. per sq. in.) 
2-in. x 2-in. cylinder*—dried 2 hours @ 
230°F. 133 113 170 
14%-in. x 2-in. cylinder—dried 2 hours @ 
230°F. 147 150 206 
Hot strength @ 230°F. 142 110 190 
Hot strength** @ 500°F. 120 97 107 
Hot strength** @ 1000°F 121 71 158 
Het strength** @ 1500°F. 275 177 225 
Hot strength** @ 2000°F 424 297 348 
Hot strength** @ 2500°F. 12 10 17 
Specimens heated 15 minutes at 800°F., 
then cooled to room temperature 127 83 149 
a eee gee T |! 
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Fic. 11—Errect oF ORGANIC MATERIALS ON Hot STRENGTH oF STEEL FouNDRY MOLDING 


SAnbD. 


* Denotes single end rammed specimens 
** Hot strength data not corrected for weight of piston and post. 
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soak for 15 min. The specimen was then broken in compression 
stress. We endeavored to apply load at the rate of 100 lb. per 
min. Some difficulty was encountered obtaining uniform rate of 
loading. However, we found rather good checks obtained following 
this procedure. 


Hor StrenetH Data ON STEEL FOUNDRY SANDS 


44. The data are given in Table 12 and Fig. 11. It should 
be noted that no relation exists between the 2-in. x 2-in. single end 
rammed specimen which is used for dry sand tests and the 
2-in. x 14%-in. double end rammed specimen used for hot strength 
tests. In the hot strength test, we find that a specimen at 500°F. 
had lower compression strength than it had at room temperature. 
As the temperature was increased the bentonite bonded steel 
foundry sand increased in strength reaching a peak at 2000°F., 
falling rapidly thereafter. This same shape curve was obtained 
when the steel foundry sand contained either a resin or a cereal 
binder. The organic material, however, lowered the peak strength 
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reached at 2000°F. At the highest temperature of test, 2500°F., 
very slight differences were observed in the 3 sands examined. 
There is a tendency toward plasticity in sand specimens at this 
temperature. 

45. Our conclusion is that resins or other organic binders have 
little effect on the hot strength at 2500°F. The addition of resin 
lowered the peak hot strength of a bentonite bonded sand. This 
might help relieve stresses caused by use of a sand of too high 
a hot strength. In Table 12, we also show the effect of heating 
specimens from each sand for 15 min. at 800°F., then cooling to 


Table 13 


Errect oF Resin BINDER ADDITION ON THE Hot STRENGTH OF 
IRON FounprRY Mouptna SAnpDs 


Materials—Parts by Weight No. 1 No. 2 No. 3 No. 4 
Lake sand 95.0 95.0 95.0 95.0 
Western bentonite 2.5 2.5 2.5 2.5 
Southern bentonite 2.5 2.5 2.5 2.5 
Sea coal — 5 — — 
Pitch — — 2 — 
Resin -o= 7 — 1 

Moisture (per cent) 4.0 4.0 4.1 3.9 


Dry compression strength 
(lb. per sq. in.) 
2-in. x 2-in. cylinders dried 2 hours @ 
230°F. 118 181 213 208 
14%-in. x 2-in. cylinders a os -— 
Hot strength*—green specimens 
@ 230°F. — 


500 118 153 120 92 
1000 145 176 234 145 
1500 308 418 456 310 
2000 226 81 255 134 
2500 10 11 12 13 
Dry specimens 
@ 500°F. 78 153 127 93 
1000 12% 135 241 143 
1500 317 382 492 287 
2000 119 98 242 144 
2500 10 11 13 13 
Strength on cooling from 800°F. 103 138 273 230 


* Hot strength data not corrected for weight of piston and post. 
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room temperature and breaking at that temperature. This is be- 
lieved to simulate conditions existing in a part of the mold which 
has been subjected to considerable heat during and after pouring. 


Hot StrenetH Data on IRoN FounprRyY SANDS 


46. Hot strength tests were made on the iron foundry molding 
sands following the same technique. The basic iron foun- 
dry sand compositions were employed. A lake sand bonded with 
214 per cent each of Southern and Western bentonite and tem- 
pered with 4 per cent moisture was found to have a maximum hot 
strength at 1500°F. The data which were obtained on dry speci- 
mens appear in Table 13 and Fig. 12. These tests show that the 
addition of 1 per cent of a resin binder did not change the hot 
strength appreciably at any elevated temperature. These tests 
were made with a 15 min. heating period, which at elevated tem- 
peratures is long enough to destroy the bond developed by the 
resin. At 2500°F., both sands showed a low dry strength and a 
tendency toward considerable plasticity. 


47. A similar test on a sand containing 2 per cent of pitch 
showed that the hot strength was increased above that obtained 
by clay alone. This shows up at all temperatures from 500° to 
2000°F. In the case of the addition of 5 per cent sea coal, we find 
that the hot strength at 1500°F. is increased over that of clay alone. 
However, at 2000°F. the hot strength of the sand containing sea 
coal had dropped rapidly. At 2500°F. we find little difference in 
any of the sands, all showing a rather low hot strength. However, 
we noticed a considerable difference in the way the specimens broke 
at 2000°F. This would be tied up with the hot deformation. We 
have not yet completed hot deformation determination on these 
sands. Hot strength data are also given for tests made on green 
specimens of the same sand mixes. In general, these showed good 
agreement with the dry sand specimens. 


EXPANSION AND CONTRACTION 


48. Using the dilatometer, we endeavored to determine the 
effect of a resin binder addition on the expansion and contraction 
of steel and iron foundry molding sands. Before making expansion 
and contraction determinations, the quartz rod is so attached to 
the coil spring at the top of the dilatometer that there will be a 4- 
oz. load exerted on the specimen during the contraction determina- 
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tion. Several different procedures were tried in order to eliminate 
the difficulties caused by expansion of furnace parts. The follow- 
ing was adopted. The furnace is raised to 2500°F. While raising 
the temperature, the furnace is in the lower position. The furnace 
is allowed to stand at 2500°F. for a period of 5 min. to insure the 
lower refractory post has assumed furnace temperature. The fur- 
nace is then raised, and a sand specimen introduced into the fur- 
nace, placing it on the lower post. The quartz rod and dial gauge 
are adjusted. The furnace is then lowered. The operation of rais- 
ing and lowering the furnace should not take over 30 seconds. A 
stop watch is started as soon as the furnace is lowered. Readings 
are made on the dial gauge every 15 seconds during the first 2 
min., every 30 seconds for the next 3 min., and every min. there- 
after, up to 10 min. 


19. This procedure was found to give a blank of 0.002-in. after 
heating for 2 min., decreasing to about 0.001-in. after heating for 
10 min. It was found that in all cases where expansion tests were 
made on dry sand specimens, the furnace recovered to 2500°F. in 
approximately 244 min. In the steel foundry sand expansion tests. 
maximum expansion readings occurred after 1144 min. of heating. 
Contraction appeared to set in from then on and the lowest ex- 
pansion readings were obtained at 10 min. heating. This procedure 
is slightly different from that suggested by the manufacturer of 
the equipment. However, it gives about the same expansion read- 
ing. It probably gives a different contraction figure as shown by 
our data. 


DATA FOR STEEL SANDS 


50. With the 4-oz. load, we found 0.018-in. per in. expansion 
for the silica sand bonded with 5 per cent bentonite. This is the 
same figure reported by Ehrhart*. His tests were made on speci- 
mens whose expansion was not hindered. The addition of resin or 
cereal binder to the bentonite bonded silica sand appeared to have 
little effect on its expansion. In Table 14 are given the expansion 
and contraction data on the steel foundry sands and on the iron 
foundry sands. It will be seen that in no case did contraction of 
the steel foundry sand occur to sufficient extent to give a negative 
reading on the dial gauge. In the case of the iron foundry sand, 


negative readings were obtained with 3 out of 4 sands examined. 
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Table 14 


EXPANSION AND CONTRACTION DATA* 


Expansion Contraction 
Steel Foundry Sands in. per in. 
Silica sand bonded with 
(1) 5 per cent western bentonite + 0.018 + 0.011 
(2) 5 per cent western bentonite +- 1 
per cent resin + 0.017 + 0.008 
(3) 5 per cent western bentonite + 1 
per cent cereal + 0.016 + 0.006 
Expan- Contraction Green 
sion App. 
Lake Sand in. per in, Density 


(1) . 2.5 per cent western bentonite ) 

2.5 per cent southern bentonite) + 0.018 — 0.023 1.509 
(2) 2.5 per cent western bentonite ) 

2.5 per cent southern bentonite) 

+ 1 per cent resin + 0.017 — 0.015 1.513 
(3) 2.5 per cent western bentonite ) 

2.5 per cent southern bentonite) 

+ 2 per cent pitch + 0.015 — 0.013 1.518 
(4) 2.5 per cent western bentonite ) 

2.5 per cent southern bentonite) 

+ 5 per cent sea coal + 0.014 + 0.003 1.497 


It appears that organic binders may affect the contraction of such 
sands, since they alter the readings obtained. 


Data FOR LRON SANDS 


51. In the iron foundry sands, an expansion of about 0.018-in. 
per in. and a contraction of 0.023-in. per in. were obtained with a 
lake sand bonded with 214 per cent southern bentonite and 2% per 
cent Western bentonite. When 1 per cent resin binder was added 
to this composition, the expansion was decreased by only 0.001-in. 
per in. The contraction, however, was decreased by 0.008-in. per 
in. The addition of 2 per cent pitch decreased expansion from 0.018 
to 0.015-in. per in. and decreased contraction from 0.023 to 0.013-in. 
per in. The addition of 5 per cent sea coal decreased expansion 
from 0.018 to 0.014-in. per in. It also affected contraction to such 
a degree that a positive reading of 0.003-in. per in. was obtained. 


* All tests on specimens dried for 2 hours @ 230°F. Specimens subjected to shock 
heating at 2500°F. Maximum expansion occurred after 1% min. Maximum contraction 
in steel sands occurred after 5 min. Maximum contraction in iron sands had not been 
reached in 10 min., but test ended. 
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This latter observation checks some early data determined with this 
type instrument by Dietert and Valtier’. 


~ 


52. It is our feeling that additional tests must be made to estab- 
lish the effect of such organic materials on expansion and contrac- 
tion. At the concentrations of resin binder tested, the addition of 
resin binder had little effect on expansion. As far as contraction is 
concerned, it appears that contraction may begin to go on suffi- 
ciently rapid to be affected by the resin or other organic materia! 
as it is burning out. 


Errect oF Resin BINDER ON GaAs EVOLUTION OF MOoLpING SANDS 


53. Some information was obtained on the effect of resin binder 
additions on the relative noncondensable gas evolved by heating 
molding sands. Comparative data were also obtained on other 
organic materials. Other investigators of this property of sand 
have tried various methods to arrive at a significant figure. Briggs 
and Morey* use a procedure which collected the gas by displace- 
ment of water. Their procedure, however, measured both con- 
densable and noncondensable gases. Dietert'® reported some data 
on the gas evolution of baked foundry cores. He did not describe 
the method or state whether the gas reported was condensable 
or noncondensable. 


54. The equipment which is illustrated in Fig. 13 consists of 


Appaearis FoR OETERMINING KOLUME OF GAS EVOLVED 4-4247-/3 
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a combustion tube and furnace equipped with a rheostat so ad- 
justed that the furnace would be at 1850°F. To the combustion 
tube was attached an ice water condenser for the purpose of con- 
densing any condensable gases. The water condenser in turn 
was attached to a gas collecting chamber graduated in eu. em. To 
the bottom of the gas collecting chamber is connected a reservoir 
by means of heavy rubber tubing. The reservoir and gas collect- 
ing tubes were filled with an aqueous solution containing 20 per 
cent sodium sulphate and 5 per cent sulphurie acid. This liquid 
was chosen because such gases as carbon monoxide and dioxide 
have a low solubility in it. The funetion of the leveling bulb or 
water reservoir is to balance the pressure inside the combustion 
tube and gas collecting tube with that of the atmosphere. 

55. The procedure employed was as follows: 

The liquid level in the gas collecting chamber was set at zero 
by adjusting the reservoir. A 10-gr. sample of the sand to be tested 
was weighed into a nickel boat, which was inserted into the hot 
portion of the tube held at 1850°F. The open end of the tube was 
immediately stoppered with a soft rubber stopper. As the liquid 
in the collecting chamber was forced down, the reservoir was low- 
ered to balance pressure. Readings were taken at various time inter- 
vals, beginning 15 seconds after the introduction of the sample 
and continuing up to a total time of 7144 min. It was felt that the 
accuracy of the method did not justify correcting the gas volume 
to standard conditions. After each determination, the combustion 
tube and collecting tube were flushed with air. 

56. Three or more determinations were made on each sand 
examined. A summary of the data obtained appears in Table 15. 
Blank determinations were made on the sand containing no organic 
additions. The dry specimens containing silica sand and bentonite 
showed no gas evolution. The addition of 1 per cent resin gave 
5.35 eu. em. per gr. One per cent cereal binder produces about the 
same volume of gas. In the case of the green sand specimens, the 
silica sand containing bentonite gave a negative reading at the end 
of 71% min. heating. This was, therefore, added to the relative read- 
ing obtained with resin and cereal, respectively. This showed the 
green gas evolution for a steel foundry sand containing 1 per cent 
resin to be 6.2 cu. em. per gr.; 1 per cent cereal under the same 
conditions produced 6.5 cu. em. per gr. 


57. In the iron foundry sands examined, all tests were made on 
dry sand specimens. Here the sands plus clay gave a reading of 
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Fic. 14—APPEARANCE OF MoLpING SAND SPECIMENS DURING SHOCK HEATING. SPecIMENS 
HEATED 15 MIN. aT 2500°F. Exposure Mabe 10 Seconps AFTER FURNACE WAS RAISED. 
A—SILIcA SAND + 5 PER CENT BENTONITE. B—SILICA SAND, 5 PER CENT BENTONITE 
1 PER CENT Resin. C—SmLica SAND, 5 PER CENT BENTCNITE + 1 PER CENT CEREAL. D— 
LAKE SAND, 2.5 PER CENT SOUTHERN AND 2.5 PER CENT WESTERN BENTONITE. 


1.2 cu. em. per gr. The addition of 1 per cent resin gave 6.5 cu. em. 
per gr. corrected gas evolution. The addition of 2 per cent pitch 
gave 4.9 cu. em. per gr. The addition of 5 per cent sea coal gave 
15.35 eu. em. per gr. 

58. <All organic materials generate appreciable gas in either 
molding or core sands when heated to elevated temperatures. The 
amount will depend upon the nature of the substance introduced 
into the sand, the length of time, and the temperature to which 
the sand is heated. Under the conditions of our test, we notice that 
some of the sands gave off their gas more rapidly than others. For 
example, in the first minute of heating, the cereal binder generated 
72 per cent of its tota] gas, the resin, 53 per cent, the sea coal, 41 
per cent, and the pitch, 41 per cent. Undoubtedly, the fineness 
of the sand and of the organic material will have a large effect on 
the rate of gas evolution. 


59. We present this data with the view of encouraging study 
along this line. We conclude that a resin binder added to molding 
sands will generate appreciable volume of gas which will help pro- 
vide a reducing atmosphere. It is our belief that further tests 
should be made in combustion furnaces in which the atmosphere is 
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varied from one containing no oxygen to one containing all oxygen. 
Throngh such tests we should be able to learn how to control and 
make better use of these properties of organic materials. 


VISUAL OBSERVATIONS ON SANDS SUBJECTED TO SHOCK HEATING 


60. The tendency of steel foundry sands to crack on shock heat- 
ing has been observed by H. L. York"! in the work of the A. F. A. 
Subcommittee 6b7. Further investigation of this tendency was 
made by this committee and reported by J. R. Young” in part 2 of 
their report. Young reported that the larger 2-in. x 2-in. specimen 
eracked more under shock heating at 2500°F. than did the 
114-in. x 2-in. specimen. Also, green specimens cracked more than 
dried specimens. He further reported that such cracks appeared 
extensively even in some sands successfully used in gray iron 
foundries. 

61. We endeavored to determine the effect of resin binder ad- 
dition on the tendency of steel foundry sands to erack under shock 
heating at 2500°F. The photographs in Fig. 14 illustrate the re- 
sults obtained on dry specimens. In either green or dried sand 
specimens, the addition of a resin reduced the number of cracks 
observed. We made these tests by soaking the respective speci- 
mens for 15 min. at 2500°F., then raising the furnace and photo- 
graphing after about 8 to 10 seconds. The effect of resin and cereal 
additions may prove of practical foundry application by reducing 
this tendeney to crack under shock heating. We plan to study this 
further and to include the effect of other organic materiais. We 
found no tendency to cracking in the iron foundry sands examined. 
However, the iron foundry sands examined showed considerably 
more tendency toward plasticity or fusion of bond at 2500°F. This 
was indicated by the fact that iron foundry sands heated for 15 min. 
at 2500°F., then allowed to cool to room temperature, had assumed 
a glassy surface and were rather strong. Similarly treated steel 
foundry sands showed a tendeney to crack considerably on cooling 
and to disintegrate. This effect is shown in Fig. 15. 


CONCLUSIONS 


62. The limited number of our tests does not justify broad con- 
clusions regarding the effect of resins under all conditions of use in 
molding sands. However, we can conclude that the addition of 
resin to a molding sand will: 
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(1) Inerease green strength. 

(2) Decrease permeability slightly. 

Have little effect on deformation. 

(4) Greatly increase dry strength of molding sand. 


-_~ 


(5) Inerease mold hardness. For a given number of rams, 
molding sands containing resin are harder. 

(6) Impart its maximum effect on dry strength in molds 
dried at 500°F. 

(7) Increase mold hardness developed by air-drying of molds. 


(8) Retard loss of strength in dry sand molds exposed to a 
moist atmosphere. 

(9) Affect the hot streneth of molding sand. In a bentonite 
bonded sand, resin lowers peak strength at 2000°F., has 





little or no effect on strength at 2500°F. 

(10) Have little effect on expansion. 

(11) Show appreciable effect on contraction, reducing con 
traction of two sands examined. 

(12) Generate appreciable volume of gas during pouring ; since 
such resins are composed of carbon-containing materials, 
the gases generated are reducing in character. 

(13) Reduce tendency to cracking of some sands under shock 
heating at 2500°F. 


63. Only the foundryman can determine whether the addition 
of resin to his molding sand will improve the quality of his east- 





Fic. 15—APPEARANCE OF MOLDING SAND SpEcIMENS Arter SHOCK HEATING AT 2500°F. 

FoR 15 MIN., THEN COOLING TO Room TEMPERATURE. A—SILICA SAND + 5 PER CENT BEN- 

TONITE. B—LAKe SAND, 2.5 PER CENT SOUTHERN AND 2.5 PER CENT WESTERN BEN- 
TONITE. C—Same Arter Hot STRENGTH Test aT 2500°F. 
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ings. This work should guide him to a logical use of resins to ob- 
tain best results as far as physical properties of sand are concerned. 
Correlation of castings quality with sand properties will establish 
the direction in which to work. 


PRACTICAL APPLICATION OF Resin BINDER ADDITIONS TO FOUNDRY 
Mo.LpING SANDS 


64. These data, determined with new synthethic sands, illus- 
trate the effect of resin binder additions on the properties of such 
sands. Similar effect is obtained with natural bonded sands. The 
same basic effect is obtained with system or heap sands, but nat- 
urally, the history of the system or heap has important bearing. 
In most sand systems or heaps there wil! be some carry-over of un- 
burned organic material added. The sand will gradually change in 
characteristics, which are controlled by the amount of rebonding 
materials added. Excessive addition of any rebonding clay or or- 
ganic material can be harmful. Foundries having no intensive mix- 
ing equipment are to be cautioned against adding too much resin 
binder to their sand heaps. If too much resin binder is added the 
‘water-proofed’’ to such a degree that 
it is not readily wet by water. Resin binder is frequently used in 
conjunction with other organic materials, such as sea coal, cereal or 
pitch. Resin binders are being used today by steel and gray iron 
foundries producing castings in green, skin-dried and dry sand 
molds. 


sand may gradually become 
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DISCUSSION 


Presiding: N. J. DUNBECK, Eastern Clay Products, Inc., Eifort, Ohio. 

Co-Chairman: C. M. SAEGER, JR., National Bureau of Standards, Wash- 
ington, D. C. 

CHAIRMAN DUNBECK: Mr. Pragoff and Mr. Albus have given us a 
very interesting paper. They have pointed out that more work along 
these lines is desirable and that is, of course, true. However, I do feel 
that their work has been very thorough. 

J. B. CAINE: (written discussion)'!: One point should be emphasized 
that applies not only to this paper but to all reports on the physical prop- 
erties of sand mixes. The physical properties given apply only to the 
particular sand mixes studied. Even though other mixes are composed 
of what seem to be similar materials, any comparison of the results must 
be made very carefully and the results checked using both types of ma- 
terial. 

This point is exemplified in Table 5 of this paper. The authors report 
compression strengths of 48 lb. per sq. in. for a mix composed of 95 per 
cent silica sand, 5 per cent western bentonite, 1 per cent cereal binder, 
and 4 per cent water after air drying for 48 hr. The writer has checked 





1 Sawbrook Steel Castings Co., Lockland, Ohio. 
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the compression strengths of what should be comparable mixes, using 
the same proportions of binders and water, but using a different sand 
and different cereal binders. The compression strengths of these mixes 
after air drying were all very much higher than those reported in this 
paper. After 36 to 48 hr., the compression strengths ran from 150 to 
200 lb. per sq. in., depending on the type of cereal binder used, although 
all were corn starch or its derivatives. 

A difference of this magnitude, several hundred per cent, cannot be 
due to a variation in testing technique, and exemplifies the care that 
must be taken if the physical properties of two sands that seem to be 
identical are to be compared. 

Mr. PRAGOFF: We would be very much inclined to agree that the tests 
should be made in such a way that a direct comparison can be attained, 
and that those tests should be in turn related to what happens in the 
foundry. 

I do not know at the moment what the conditions of Mr. Caine’s tests 
were, but we found, in making some of our tests, when the humidity 
changed a bit, it had a marked effect. So we tried to select the humidity 
test that would be comparable to what was happening from day to day. 
We selected 65 per cent relative humidity, no circulation in the room. 
We were fortunate in that we have facilities for making such a test. We 
felt that if we ran some on a dry day, we would get one result, and, on a 
wet day, another result. Compression strength rose quickly on a dry 
day but on a wet day, it did not go up so fast. 

Mr. CAINE: I think humidity is undoubtedly one of the answers. Sixty- 
five per cent relative humidity is fairly wet. The specimens I am speak- 
ing of were air dried at different times in the foundry over a period of 
years, and subject to the various humidities and temperatures that 
existed over that period of time. 

We have had consistent results on air drying, and have not had a great 
deal of trouble due to these variations in the humidity and temperature. 
The only difference we found was if the temperature was low and the 
humidity was high, or any combination of those two, air drying is slower. 
We do not develop the strength as fast, but we do develop it. On a warm, 
dry day, we will develop maximum strength by air drying within 24 hr., 
using the 2-in. round A.F.A. specimen. On a cold, damp day, we do not 
get: maximum strength for 48 hr., or in some cases 60 hr. We still get 
fairly consistent results if we allow the sand to air-dry long enough for 
the maximum humidity and lowest temperature. 

P. J. DAPKuUS?:' In mentioning starch binders, I presume in the work 
done by Mr. Caine, he used dextrin type binders instead of the more 
widely used cereal binders, which naturally furnish different results as 
to green and dry strengths. 

Mr. CAINE: We used both. 

Co-CHAIRMAN SAECER: Did you use round-grained sands in these 
studies? 

MR. PRAGOFF: The silica sand was a New Jersey silica sand with a 72 


2 Decatur Milling Co., Inc., Decatur, III. 
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grain fineness number. It might be said to be a two-sieve sand. The 
other sand was a lake sand, and had a grain fineness of about 55. 

M. E. GANTz*: Did you make a statement about the percentage of 
moisture in the atmosphere and its comparison with the amount of mois- 
ture that can be picked up in the sand specimen? 

MR. PRAGOFF: 1 believe moisture is like heat. Heat flows from the 
hotter to the colder. Moisture flows from the most moist material into 
the least moist material. When we have a dried sand specimen, we place 
it in a room that has about 1 per cent moisture in the air. Then, if we 
leave it in there long enough, the sand will pick up moisture to be in 
equilibrium with the moisture content of air, about 1 per cent. In our 
case, we did not extend it long enough to reach that point. It picked up 
about 0.6 per cent, about 60 per cent of the moisture percentage in the 
air, by weight. We do not know how it is distributed through the sand 
specimen, but probably most of it was at the surface. 

Mr. GANTZ: I don’t see how you can draw a comparison, or equilib- 
rium, between the moisture in the atmosphere and the amount of mois- 
ture contained in the specimen, which contains, not air, but sand and 
water and clay, or sand and clay. In other words, it is fine to have a 
small sample of air in a room with 1 per cent moisture. Then the air will 
pick up the same amount of moisture as existed in the room in which it is 
exposed, but I think it is wrong to assume that a specimen which is com- 
posed of sand and clay can be brought into equilibrium and will con- 
tain the same amount of moisture as the air in the room to which it is 
introduced. 

Mr. CAINE: We conducted a very unscientific series of experiments 
on this point. We were worried about moisture pick-up from the atmos- 
phere. We went around and picked up cores which had been stored for 
some time. Even the cores we knew had been in the foundry for as long 
as two years contained no more than 0.7 per cent water. This work was 
done when the weather was cold and damp. 

Mr. PRAGOFF: Some years ago, this question was raised by a concern 
which performed some tests on a number of different materials, and 
their comment was that they picked up a terrific amount of moisture. We 
asked them the conditions of their tests, and they said they placed these 
sand cores inside the mold and closed the mold. The cores were not just 
in contact with air containing 1 per cent moisture, but they were in con- 
tact with moist molding sand, which had, say, 5 per cent moisture. It is 
conceivable that the moisture pick-up would be considerably more than 
the figure Mr. Caine gave in a closed mold. 

Mr. GANTZ: I will grant you that the moisture pick-up is dependent 
on the relative humidity, or, at least, the rate of pick-up, but the ab- 
solute maximum pick-up obtained is also dependent on the surface ex- 
posed by the sand grains. Flours reach a saturation point much higher 
than the moisture saturation in the air. Thus, you cannot draw an equi- 
librium between two very dissimilar materials such as air and sand. One 
is a solid material, and its moisture absorption is entirely on the surface; 
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the air and water vapor mixture is, of course, homogeneous. 

CHAIRMAN DUNBECK: The work that we have done is along different 
lines. We are concerned with a moist tempered sand and how rapidly 
or how slowly we lose a slight amount of water from that tempered sand. 
In this discussion, we are dealing with dry materials making a slight 
pick-up, which is different. I think the point Mr. Pragoff has mentioned 
is what is called an equilibrium. If you leave samples in a room, the 
moisture content in those samples will change up and down with the 
humidity of the room. 

E. O. LISSELL‘: We made some experiments on sand binders a few 
years ago, to determine the flowability on dry sand specimens without 
any binder. We dried the specimens, put them in a desiccator and tested 
the flowability. We found that even in unbonded sand grains, we got 
a variation in moisture between 0.1 and 0.3 per cent. 

MR. PRAGOFF: I believe that if the dry sand is left in a moist atmos- 
phere, it can never have a higher moisture content than the atmosphere. 
But I do not know whether the adsorption of a material, after it has 
been dried in a mold, is absolutely dependent on the adsorption before 
it was dried. 

Mr. GANTZ: Here is the point I am trying to bring out. Take the ques- 
tion of dry sand as a point in case, and assume it is a sand of 60 grain 
fineness. I do not know what the amount of air in it actually would be. 
Assume that there is 30 per cent air in a core made from such sand. Now, 
the air in that dry core specimen will come up to the same humidity as the 
air in the room to which it is exposed. In other words, that 30 per cent 
air in the specimen will achieve a humidity the same as the humidity of 
the air in the room in which it is placed. 

In addition, there is an additional amount of water vapor adsorbed 
on the surface of the sand grains, depending on several things, the type 
of grain, the smoothness of grain, etc. The total moisture adsorption is 
a summation of the two. One is the moisture adsorbed on the surface and 
the second is the moisture content of the air in that specimen. When 
clays and colloidal materials are introduced, which actually will retain 
2, 3 or 4 per cent moisture indefinitely, a jell is formed, and that jell 
is stable. In a case like that, the amount of moisture that the speci- 
men absorbs depends on the amount of clay or colloidal material. 

An equilibrium is set up, but the percentage of moisture in the air 
and the percentage of moisture in the specimen cannot be compared. 

Mr. DAPKUS: Some years ago, I read an A.F.A,. paper about the mois- 
ture absorption of various materials, and it showed the cereal binders 
resulted in appreciable loss in strength of the cores. Oil sand cores also 
lost strength. Other types of binders, such as waste sulphite binders, 
lost even more strength. Mr. Pragoff has done some work on the mdis- 
ture absorption of the various binders under different conditions. I do 
not think that moisture absorption is any great factor in loss of cast- 
ings as is generally supposed. 

Mr. PRAGOFF: Our company argued with us because we said that the 


i Department of Meta! Processing, University of Michigan, Ann Arbor, Mich. 


a haat 




















DISCUSSION 379 


resin resists moisture pick-up in the core, and they did not believe it. 
We got together on it, and they explained that on some cores they left 
a piece of wax paper to keep the moisture from migrating from the center 
to the core. I said that if it was necessary to close the molds and let 
them stand for a while we should pick materials that would do a better 
job. They said that they had not found anything that did a better job 
than the resin binders. They have a particular job in which they close 
the molds on Friday and do not pour them until Monday. There are 
no materials that I know of that will prevent water from going from 
the wetter area to the drier area. I would not wish to give the impression 
that the resin keeps moisture away to that extent. I think that we may 
have been making tests under one condition and not thinking about the 
conditions under which the material has to be used, and that is a point 
to bear in mind all the time. 

F. S. BREWSTER®: In the magnesium business we were worried more 
about the effect of the water itself. We stored enough test cores in dif- 
ferent places in the foundry so we could break some of them and deter- 
mine the moisture pick-up. We found that regardless of the type of bind- 
er used, the pick-up was nearly always in the range of %4 to % per cent. 
I have never seen more than % per cent pick-up in 48 hr. The difference 
was not the amount of moisture picked up, but the effect of that water on 
the different binders. We wanted to see whether certain binders pick up 
a lot of water because we know water is bad for us. 

I assume the water pick-up is chiefly an adsorption on the surface of 
the grains rather than any binders being deliquescent. 

Mr. GANTZ: I would like to say that there are some synthetic resins 
that repel water. 


5 Dow Chemical Co., Bay City, Mich. 














The Production of Uniform Steel for a Light 
Castings Foundry? 


By C. H. Karn* anp L. W. SANDERS*, ENGLAND 


Abstract 

A description is given of the routine employed to pro- 
duce liquid steel at the periods when it is most required 
in a light castings foundry. Two processes are used, the 
basic electric and the Tropenas converter. Stress is laid 
on standardized charging and working in the electric 
furnace, and a special technique employed in the cupolo 
supplying iron for the converter. It is claimed that by 
the employment of these methods, loss of production 
caused by the pouring floor waiting for the furnace, or 
vice-versa, is eliminated. Appendices give details of the 
preparation of the linings, the properties of the steels 
made, and a note on fluidity. 


INTRODUCTION 


1. The methods outlined in this paper are employed in a foundry 
producing 95 to 100 tons of finished carbon steel castings weekly. 
Although this is a modest tonnage, it is just double the output for 
which the plant was originally designed. As the castings are almost 
entirely light and made in green sand, the floor space must be 
utilized to the utmost for the production of molds. A typical week’s 
output was made up of over 5,000 castings totalling 97 tons. The 
average weight is 38 lb. with very occasional castings falling in 
the hundredweight (112 lb.) and upward class. This output can 
only be maintained by careful planning and working to a pre- 
determined program. The planning is based on the number of 
molds which can be produced in a given time by the equipment in- 

t Official Exchange paper of the Institute of British Foundrymen presented at the 
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stalled. The core output is adjusted to suit this, the molds finished, 


cored up, and closed as made. 

2. It is then necessary to have liquid steel available to pour 
the molds, in order that the floor may be cleared and the cycle 
repeated. This paper is a description of the steps taken to 
standardize steel production so that molds may be poured when 
ready. 

3. Two processes are in use, the basic electric and the Tropenas 
or side blow converter. This combination has two great advan- 
tages : 

(a) The basic electric furnace can use a wide range of scrap 
and produce a low-phosphorus, low-sulphur metal, the re- 
melt from which can be used in conjunction with west coast 
hematite in the Tropenas to produce steel with a phos- 
phorus and sulphur content comparable with electric steel. 

(b) The electric furnace can be adjusted to produce a heat of 
steel at precise intervals (of 4 hr. in this case), day and 
night, while the Tropenas can produce heats at high speed 
during the peak casting period which in most foundries is 
during the afternoon. 

4. <As there are so few castings of large weight, it is not possible 
to open up the nozzle on a mold of several hundredweights* capacity 
and, if it were possible, it would be undesirable as the standard 
steel is at much too high a temperature for heavy castings. 

5. Hand-shanking from both types of furnace is practiced to a 
great extent, small molds being poured in this manner without 
difficulty. . 


Table 1 
Tappina TIMes 
Electric Furnace Converter 
A 
2:00 a.m. 1:30 p.m. Soft 
6:00 a.m. 2:15 p.m. Hard 
9:00 a.m. 2:45 p.m. Soft 
10:00 a.m. 3:15 p.m. Soft 
1:00 p.m. 4:00 p.m. Hard 
2:00 p.m. 4:30 p.m. Soft 
6:00 p.m. 5:00 p.m. 5:15 p.m. Soft. Delayed to permit 5:00 
p.m. heat from B. 
10:00 p.m 


* The designation “hundredweight” used in this paper refers to the British hundred- 
weight of 112 Ib. 
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6. Table 1 shows the timetable which is worked in the foundry 





under consideration 
Table 2 
PHASES OF OPERATION 
Electric Furnace Tropenas Converter 
Description of plant Description of plant 
1. Charging and melting Melting and desulphurizing 
2. Oxidizing (Converting Blowing (Converting) 
and slagging off) 
3. Reducing (Refining) Finishing and tapping 


Finishing and tapping 
7. Each process is considered in three phases, as shown in 
Table 2. 
Table 3 


STANDARD TIME TABLE FOR PROCESSES 


Electric Furnace Time Converter Time 
Previous tap complete 9:00 End of heating period 12:45 
Fettling furnace complete 9:15 Fettling complete 12:57 
Charging complete 9:45 Charging complete 1:00 
Melting complete 11:45 Blowing complete 1:22 
Slagging off complete 11:50 Finishing and recarburiz- 
Finishing complete 12:50 ing 1:25 
Ready to tap 12:55 Ready to tap 1:28 
Tap complete 1:00 Tap complete 1:30 


8. Table 3 shows the standard timetable which is aimed at for 
both processes. 

9. It is not proposed to deal in detail with the chemistry of the 
processes, as both are fairly well-known, but to deseribe the mecha- 
nism of standardized steel production. 


Part | 
Basic Evecrric PRACTICE 


10. The furnaces in use are of the electro metals type with two 
top electrodes and a conducting hearth. They are rectangular 
in shape with nut and screw operated tilting and elevating gear. 
The maximum capacity is 50 hundred-weight (2.8 tons) and charg- 
ing is entirely by hand. The nominal rating is 650 k.v.a. 


11. The basis of the process lies in standardization of the 
charges, a controlled boil and speed in working. 
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a Charging and Melting 

12. The charge is made up of 45 to 47 hundred-weight (5040 to 
5264 lb.) of mixed cold scrap of variable size and consisting of ap- 
proximately 75 per cent scrap and 25 per cent steel turnings. The 
heavy serap is charged first, directly under the electrodes, light 
scrap is charged around the electrodes and in the center of the 
furnace, and the steel turnings round the sides. 

13. It is found that even slight variation from these propor- 
tions causes a considerable lengthening of the melting time; thus, 
an increase to 30 per cent for the turnings increases the time of a 
heat by 15 min. 

14. The time taken to charge the scrap is between 20 and 30 
min., according to the size. The heavier scrap takes longer than 
the medium variety, which can be readily handled by shovels. 

15. The aim is to melt from the bottom upwards, the are being 
concentrated on the heavy scrap to form a pool of metal quickly. 
By this means a constant are is maintained. Lime is added with 
the charge, about 75 lb. to the ton being used. This quantity is 
varied according to the condition of the scrap, dirty or rusty scrap 
receiving more and high quality material rather less. 

16. Melting is conducted as rapidly as possible with a load of 
5,000 amp. at 80 to 85 volts. The time taken to melt a charge of 
45 to 47 hundred-weight (5040 to 5264 lb.) from the cold is usually 
2 hr. During the melting period care is taken to prevent excessive 
heat in the center of the furnace by frequently pushing the charge 
towards the center. This prevents over-oxidation or direct attack 
by the are on the furnace bottom. Further lime is added from time 
to time to form slag. 

17. When the bath is all clear-melted, the temperature should 
be just high enough to insure a liquid slag under normal con- 
ditions. 


(b) Oxidizing and Slagging Off 

18. The temperature is increased as additions of broken ore 
are made to remove the oxidizable elements. Properly worked, a 
bath condition arises when a critical temperature is reached and a 
violent boil takes place. It is essential that this boil be secured. A 
short and vigorous boil is preferred to a long slow boil, carbon be- 
ing reduced from approximately, 0.38 to 0.09 per cent in 10 min. 


19. This short vigorous boil on a rising temperature gradient 
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appears to be a crucial point in successful practice. Thus, if no 
boil takes place, the slag is glassy and reflects heat causing the roof 
to run and making the later formation of a true reducing slag very 
difficult. Also the absence of a boil appears to be associated with 
sluggishness in the finished steel. 

20. A long slow boil at constant temperature leaves a bath 
which is very difficult to kill and which wastes a great deal of time 
during the finishing period. The essentials are to melt a bath with 
sufficient carbon (0.35 to 0.45 per cent) to cause a strong boil, to 
feed ore slowly and steadily while the temperature is raised and 
not to eause boiling at a low temperature by considerable stirring 
or rabbling. 

21. Immediately the boil has died down and a test shows a soft 
bath, a sample is sent to the laboratory for phosphorus estimation. 
The first slag is now poured off and a fresh lime slag put on. 
Fairly strong oxidizing conditions are maintained until the labora- 
tory report is favorable. 

22. At this stage, carbon, silicon, manganese and phosphorus 
are reduced to a minimum and are present in approximately the 
following quantities: Carbon 0.09; silicon 0.008; manganese 0.10 
and phosphorus 0.015 per cent. There is no reduction of sulphur 
during the period of melting and oxidizing. 

23. The slag at this stage is quite black and inclined to brittle- 
ness after cooling, containing CaO, 40 per cent; FeO, 24 per cent; 
Si0,, 17 per cent; MnO, 4 per cent; P,O,, 0.9 per cent; and 
A1,0,, remainder. ; 


(ec) Reactions of Oxidation 

24. The chemical changes which take place during the 2 hr. 

period of melting and oxidation probably occur in three phases. 

(1) Elimination of silicon and manganese. The silicon and 
manganese are oxidized by the presence of iron oxide added 
in the ore or included with the scale. 

(2) Elimination of phosphorus. The elimination of phosphorus 
takes place secondary to the oxidation of silicon and man- 
ganese. Three definite conditions are necessary for the effi- 
cient removal of phosphorus: (1) excess oxygen, (2) very 
basic slag, and (3) low temperature. 


(3) Elimination of carbon. Similar to silicon and manganese, 
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the elimination of carbon depends upon the amount of iron 
oxide included in the charge or added in the ore. It is 
standard practice to take the carbon down to the minimum 
in order subsequently to recarburize to the hardness 
desired. 


(d) Removal of the Oxidizing Slag 


~ 


5. After the elimination of the carbon, silicon, manganese and 


phosphorus, the bath is ready for the removal of the oxidizing slag. 
The removal is carefully supervised as the slag is carrying phos- 
phorus, and, under the reducing conditions which follow, this would 
revert to the metal. Slagging is conducted as follows: 
The furnace is slightly tilted and the slag poured or lightly 
raked off, the load is then taken off and the electrodes raised. 
A little lime is added to thicken the slag, which greatly 
facilitates the slagging operation, and care is taken to remove 
all traces of slag from the sides and banks of the bath. 

26. Skimming is conducted as rapidly as possible in order that 
heat should not be lost during this period. 

27. When the bath is in good condition, the complete removal 
of slag is accomplished in 7 or 8 min. To the slag-free bath is added 
10 lb. per ton ferrosilicon to quiet the metal which aids in produc- 
ing a more uniform recovery when recarburizing takes place for 
higher carbon steel. 


(e) Refining, Finishing, and Tapping 

28. In the case of low carbon steels, no carbon is added at this 
stage, but for higher carbon steels 20 lb. of anthracite duff is 
thrown into the bath, followed immediately by one half the total 
ferromanganese addition. ; 

29. The bath is now ready to take the refining slag which con- 
sists of 50 lb. lime, 20 lb. fluorspar and 7 lb. coal dust. The load 
is again introduced and refining begins. 

30. The total refining time is approximately 1 hr., half of which 
is taken in forming the slag and the rest in deoxidizing and aecquir- 
ing heat. 

31. Low power input of 3,500 amp. at 85 volts is used at first, 
when the slag is quite black in color, and after about 10 min. as the 
slag begins to melt, a small amount of ferrosilicon is added which 
helps to hasten deoxidation. 
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32. During this period, the consistency of the slag is carefully 
observed, not being allowed to become too viscous or too thin. 

33. When the slag is too thick, contact with the metal is not 
made and sulphur elimination does not proceed efficiently. If it 
becomes too thin, serious softening of the roof and walls takes place. 

34. The slag is worked up to strongly reducing conditions by 
the addition of lime and coal as required, and at this stage is white 
in color, with a strong smell of acetylene denoting the presence of 
calcium carbide. At this point, the power input is increased to 4.,- 
000 amp. Spoon samples are taken for general conditions of the 
steel and the metal quieted by small additions of ferrosilicon. 

35. All samples during the refining period are taken with a 
cold spoon freed from metal and slag before use. The spoon is 
carefully warmed and slagged before dipping into the bath. Care 
is used to take the samples from the same position in the bath. 

36. When the metal is hot enough and the slag in good eondi- 
tion, a sample is taken for carbon. Final adjustment is made with 
hematite and additions of 45 per cent ferrosilicon and 80 per cent 
ferromanganese are added to bring these elements to the desired 
quantity. The additions of ferrosilicon and ferromanganese are 
caleulated from the known weight of metal in the bath. 

37. The additions are allowed to melt and the bath well rabbled 
with a bar before a sample is poured into a sand mold. This 
sample should be quiet and piping. The load is then taken off 
and the metal allowed to stand 2 or 3 min. before tapping to enable 
the slag to separate. 

38. The slag being highly basic and reducing conditions prop- 
erly controlled, sulphur is efficiently reduced from 0.050 to 0.014 
per cert. 

39. Tapping takes place through a tap hole built up with sand 
outside the door. Although this is a somewhat lengthy procedure, 
it prevents the slag from running with the metal and avoids seri- 
ous variation of carbon content and inclusions of non-metallic ma- 
terial. 

40. The metal is tapped into bottom-pouring ladles which are 
preheated by gas burners to approximately 1472°F. (800°C.) and 
aluminum is added as the bottom of the ladle becomes well covered. 

41. The tapping temperature for shanking steel is in the neigh- 
borhood of 3002°F. (1650°C.) and for direect-pour heats approxi- 
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mately 2876°F. (1580°C.) Details of pouring times and tempera- 
tures are given in Table 4. Unit consumption is at the rate of 869 
per ton, inclusive of coke-load and preheating. 


Table 4 
Pourtna TIMES AND TEMPERATURES 
Shanking Bottom Pouring 
Heats, Heats, 

Electric Furnace F. c. F. C. 
Tapping temperature 3002 1650 2876 1580 
Temperature—-First Pour 2912 1600 2840 1560 
Temperature—Last Pour 2840 1560 2786 1530 
Time pouring (min.) 25 20 
No. of molds 80 67 
Weight of metal cast (hundredweight) 47 45 


42. The temperature readings are taken with an optical 
pyrometer, looking on to a clean stream of metal, and a correction 
of 7 per cent added. 


Part 2 
sy _— . ‘ Tuy mi. >» wm err 
ROPENAS CONVERTER PRACTICE 


Description of Plant and Converter Lining 

43. The equipment in use consists of one 20 hundredweight 
(2240 lb.) (nominal) Tropenas converter with a positive blower to 
furnish air. One balanced-blast cupola, 27 in. diameter capable of 
melting 3 tons of iron per hr. and one 2-ton capacity ladle for re- 
ceiving the cupola iron for transfer to the converter; one lip pour- 
ing ladle from which steel is hand-shanked, and several bottom 
pouring ladles, all of which are preheated by gas burners. 

44. The vessel is nominally of 1 ton capacity but the first charge 
is never less than 27 hundred-weight (3024 lb.) and this increases 
as the lining wears. The lining is 8-in. thick, except at the tuyeres 
side where it is ll-in. There are five 114-in. diameter tuyeres 
formed in the rammed lining for which a proprietary material 
is used. It is essential to control the moisture content at 8 per cent 
during ramming and to take steps to secure adequate drying and 
preheating before the first charge. The average life of a lining 
is 70 blows. 


45. The timetable is based upon a standardized converter 
charge, uniform vessel temperature and controlled blowing condi- 
tions. The tuyeres must be perfectly perpendicular to the axis of 
the vessel, an error of a degree or so prolonging the blow 5 to 8 min. 
and yielding cold steel. 
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a) Melting and Desulphurizing 

46. The cupola is fettled (cleaned) and patched each morning, 
this operation taking roughly 2 hr. The sand bottom is rammed-up 
and a fire started, which is allowed to burn through steadily with- 
out foreed draft, and in about 2 hr. charging begins. 

47. As small converters cannot easily be held to size, no patch- 
ing of the vessel takes place and the capacity of the vessel increases 
during the week. Under these conditions, a standard cupola charge 
of constant weight cannot be maintained without seriously modify- 
ing the chemical composition of the iron charged to the vessel. 

48. To avoid variation of chemical composition in the charge 
to the converter, the cupola charges are adjusted. Experience has 
shown that the converter weight increases along the following 
lines : 

At the beginning of the week, 27 hundred-weight (3024 Ib.) 
are required, and, as little wear takes place during the first 
two days, three cupola charges of 9 hundred-weight (1008 lb.) 
to the blow suffice. After the second day the weight increases 
by 1 hundred-weight to 28 hundred-weight (3136 lb.) and 
four cupola charges of 7 hundred-weight (784 lb.) are used. 
For the fourth day, the converter weight will have increased 
to 30 hundred-weight (3360 lb.) and three units of 10 hundred- 
weight (1120 lb.) are used. 


Table 5 
CuPOLA CHARGE SHEET 
No. of cupola Weight of Total converter 
charges in cupola charge, charge, 

converter charge hundred-weight hundred-weight 
Monday 3 9 27 
Tuesday 3 9 27 
Wednesday 4 7 28 
Thursday 3 10 30 
Friday 3 10 30 
Saturday 4 8 32 


19. Table 5 shows the cupola charge details for the full week. 
In this manner, a uniform composition is obtained without diffi- 
eulty as the following figures for six blows testify: 

Total Carbon (per cent) 3.19 3.03 3.11 3.03 2.95 3.00 
Silicon (per cent) ie Ge eS ee ey 
50. The charges consist of 70 per cent steel foundry scrap and 


* Si reduced. 
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30 per cent hematite pig iron, the silicon being adjusted by the use 
of 45 per cent ferrosilicon to give a final silicon of 1.40 to 1.50 per 
cent. 

51. The coke used is of the Welsh variety, coke to metal ratio 
being 1:10. Chalk containing 55.0 per cent CaO and having a mois- 
ture content of 1.96 per cent is used instead of limestone, 25 per 
cent chalk to coke by weight being used. Melting losses, despite 
the sandy nature of the scrap and pig, are constant at 5 per cent. 

52. Charging takes place immediately the bed has been made 
up, and as the cupola is hand-charged, the steel is charged first 
and the pig charged round the sides. Charging is completed in 40 
min. The tuyeres of the cupola are set at a height that enables the 
cupola operator to secure enough metal for the converter in two 
taps. The taps run at regular intervals of 15 min. with intervals 
of 5 or 6 min. between each converter charge, during which time 
the tuyeres are cleaned and the slag-hole made up. Hot iron is 
secured from the cupola, the temperature being 2660°F. (1460°C.) 
(optical pyrometer). 


Desulphurization 

53. Soda ash is used for desulphurization, one pound of sodium 
carbonate to one hundred-weight of metal being added to the re- 
ceiving ladle before tapping. When the metal is tapped, a violent 
reaction occurs and heavy fumes are given off; after the second 
tap the reaction occurs again. Sulphur reductions as shown by re- 
cent analysis are as follows: 


Cupola S (per cent) 0.071 0.080 0.068 0.078 0.067 
Ladle S (per cent) 0.032 0.037 0.035 0.035 0.029 


When the metal has come to rest, the ladle is removed from the 
cupola pit and the metal skimmed ready to be poured into the con- 
verter. 


(b) Blowing (Converting) 

54. After desulphurization, the weight of the metal is checked 
and poured into the converter which is in the charging position. 
The vessel is run up and the level adjusted by the operator. Blow- 
ing always takes place on the same angle. A quadrant is attached 
to the vessel clearly showing the angle, divisions of 5-10-15-20 de- 
grees being shown by a pointer which revolves with the vessel. 
Blowing takes place on the 15 degree mark. 


>, 


wi 
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55. <After the level is adjusted the blower is started and blast 
at 4 lb. per sq. in. pressure introduced. The operator records the 
time on a board and the blow is on. 

56. A normal blow is as follows: As the blast strikes the bath, 

light yellow sparks and a small flame, going straight up the hood, 
proceed from the mouth of the converter. In about 5 min. a red- 
dish brown flame appears directly over the tuyeres. This spreads 
and develops in length and marks the beginning of the ignition 
period. At this stage any ferrosilicon that may be considered neces- 
sary is added to the converter in lumps. Three minutes after igni- 
tion, the flame attains its full height and a vigorous boil ejects a 
little slag and metal from the mouth of the vessel. At this point 
the blast pressure is gently reduced to 3 lb. per sq. in. and the ves- 
sel ‘‘moved up into the wind.’’ 
57. It is not considered good practice to reduce the blast pres- 
sure rapidly, as sudden reduction results in the loss of the flame. 
By the time the boil occurs, the bulk of the silicon and manganese 
have been oxidized together with a small amount of iron, pass- 
ing into the slag as silica, manganese oxide and iron oxide respec- 
tively. After reducing the blast, the flame remains steady, being 
‘*solid’’ and having length, until about 12 min. after ignition when 
the carbon flame ascends voluminously and intensely white in color. 
As the carbon becomes exhausted, the flame becomes streaked and 
diminishes in length. At this point the converter is turned down, 
the blow is completed. 

58. The bath at the end of the blow is in a highly oxidized con- 
dition containing approximately carbon, 0.08 per cent; manganese, 
0.005 per cent; and silicon, 0.008 per cent. No reduction of sul- 
phur or phosphorus takes place, and actually a slight inerease of 
these elements occurs, owing to the blowing loss which is roughly 
8 per cent. 

59. The practice of adding ferrosilicon to the converter is only 
used when metal is to be hand-shanked. It is found that additions 
of ferrosilicon have a pronounced effect upon the action of the 
flame, usually two or more boils taking place and, in the closing 
stages of the blow, it is not unusual for several false drops of the 
flame to take place before the carbon is finally exhausted. With 
such inconsistency of flame, the possibility of under or over blow- 
ing is considerable. 
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Finishing and Tapping 

60. After the converter is turned down, deoxidation takes place 
by the addition of 45 per cent ferrosilicon and 80 per cent ferro- 
manganese. The ferrosilicon at the rate of 12 lb. per ton or 25 per 
cent is added in tins, the slag being pushed away from the metal 
and the tins thrust into the bath. The ferromanganese addition is 
made by dipping the lumps in water and throwing them with force 
through the mouth of the converter, relying on the wet manga- 
nese to explode the covering of slag and penetrate into the metal 
The loss of manganese is approximately 20 per cent, 1.20 per cent 
being added to finish at 1.0 per cent. The metal is then well rabbled 
with a bar to work in any manganese that may have been trapped 
by the slag. 

61. The earbon is adjusted, when necessary, by the use of 
cupola metal. This method of recarburizing is easily adaptable, 
quick and efficient, hot hand-shanks of pre-determined capacity 
being used. The actual time taken to recarburize a heat is 3 min. 
After recarburization, the vessel is turned up to within a few de- 
grees of the blowing position (to obtain the maximum movement 
of the metal) and back again to the pouring position, then rabbled 
well with a bar to insure homogeneity. The ladle is brought into 
the pit and the slag is held back to insure that the aluminum, which 
is added to the ladle, will be taken up by the metal, after which 
the slag is allowed to run freely. 

62. The tapping temperature of converter metal compares 
favorably with electric furnace meta!. Shanking-heats are tapped 
at 3020°F. (1660°C.) and bottom pouring heats at 2912°F. 
(1600°C.) 


63. Table 6 gives details of pouring temperatures and times. 


Table 6 


CONVERTER PoURING TEMPERATURES AND TIMES 


Tropenas Converter Shanking Bottom pouring 
heats heats 

oF. eC. oF °c. 
Tapping temperature 3020 1660 2912 1600 
Temperature—first pour 2966 1630 2840 1560 
Temperature—last pour 2867 1575 2786 1530 
Time pouring (min.) 25 20 
No. of molds 88 75 


Weight of metal cast (hundredweight) 32 30 








ee 
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Appendices 
1. Liyrna AND PREHEATING OF ELECTRIC FURNACE 


Lining: The side walls and arches of silica bricks are built into posi- 
tion. The bottom is then made up as follows: 

Ground magnesite to the thickness of 1-in. is spread over the bot- 
tom next to the shell, over which is laid one course of 3-in. magnesite 
brick, a further l-in. of ground magnesite spread over the bricks 
followed by 1-in. of fine, dry dolomite. 

The actual melting hearth consists of dolomite bonded with tar, 
rammed into place with pneumatic rammers. 

The tar is de-hydrated (0.5 per cent max. HO) and 8 per cent by 
weight of tar to dolomite is used. The tar and dolomite are pre- 
heated before mixing but are rammed into the bath cold. 


The roof is built with silica bricks. 


Preheating: Coke is charged into the furnace and a load of 2000 to 
2500 amp. at 80 volts maintained. About 72 hr. heating is necessary to 
bring the bottom or neutral current into operation in a new furnace. 

Preliminary heating prior to the week’s campaign is similar to the 
above with the heating time reduced to 6 hr. 


RAMMING, DRYING AND PREHEATING CONVERTER VESSELS 


The bottom of the converter vessel is made up of three courses of 3-in. 
silica bricks. A well-known proprietary material is used for the walls, 
which are rammed round a wooden former, 27-in. across by 51-in. high, 
sectional in construction to facilitate removal. 

The vitrified and burned material is chipped off the face, leaving about 
1% to 3-in. old material round the shell. This is slurried down and the 
new material rammed into place with pneumatic rammers. The vessel 
is allowed to stand, drying naturally for as long as possible before be- 
ing put into work. 

Drying and heating are conducted as follows: A small coke fire is 
started and allowed to burn slowly for 15 hr., additions of coke being 
made as required. After 15 hr., approximately 5 hundred-weight (560 
lb.) of coke is added and air blown in through the tuyeres at 1% lb. per 
sq. in. pressure. After blowing once up and down, a further 2 hundred- 
weight (224 lb.) of coke is added and the blowing repeated. Blowing 
up and down is maintained for 30 min. in each operation; the vessel 
is then allowed to hang nose downwards with the tuyere box open. 


The daily practice is similar. After the nose has been made up, a 
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fire is started at 8:00 a. m. and alternate blowing up and down the 
hood takes place at 30 min. intervals. The vessel is then turned down 
until the coke is withdrawn. Coke consumption increases as the size of 
the vessel increases and reaches a maximum of 10 hundred-weight 
(1120 Ib.) 


3. PHYSICAL PROPERTIES 
Table 7 details the chemical composition and physical properties of 


the steels after normalizing from 1652 to 1688°F. (900 to 920°C.) 


Table 7 


CHEMICAL AND PHYSICAL PROPERTIES OF CONVERTER STEEL 


Composition—per cent -— Physical Properties. Heat 
Cc Si Mn Ss P Yield Ultimate Reduction No. 
point strength of 
lb. per lb. per Elong., area 
sq. in. sq. in. % % 


Basic Electric Furnace 
0.20 0.25 0.85 0.020 0.015 46,592 73,360 39.0 40.0 ©C.10970 
3 1.10 0.020 0.015 55,440 93,100 25.0 45.0 B.3448 


Tropenas Converter 


0.18 0.22 0.85 0.032 0.037 38,430 71,680 36.0 56.0 F.9261 
0.33 0.35 1.10 0.032 0.037 48,800 79,630 24.0 30.0 F.8342 


4. Fuumiry 


The question of the relative fluidity of converter and basic electric 
steel is often discussed. It is usually held that converter steel is more 
fluid than basic electric steel. 


In the experience of the authors, temperature is by far the strongest 
factor in fluidity. Temperature readings over a considerable period 
have shown that converter steel is consistently 104 to 140°F. (40 to 
60°C.) hotter than electric steel. It is their opinion that with well-made 
steels the difference in fluidity of the two types of steel at the same tem- 
perature is very small. 


Non-fluid steels are occasionally encountered and, in the case of elec- 
tric steel, this is usually found to occur in heats on which the boil has 
been unsatisfactory. This is often followed by a prolonged period under 
the final reducing slag. The steel is frequently found to be high in silicon 
and to contain considerable inclusions. 


In no discussion on fluidity has any reference been found to non-fluid 
converter. steel. Yet this occasionally occurs. It appears to be associated 
with cold iron in the converter charge and an extended period before the 
boil begins. A very fluid and sloppy slag high in FeO is formed and it 
appears that this results in a high proportion of non-metallic inclusions. 
It would be interesting to know if there is any definite evidence that lack 
of fluidity is associated with the presence of inclusions. 











Production of Copper Patterns by Electro-Forming 


By A. K. LAUKEL*, Detroit, Micu. 


Abstract 

The history of eleetro-forming is reviewed, showing 
where the process was first employed for production of 
patterns. The author then discusses corrosion aspects of 
metals used. The processing of copper patterns is de- 
scribed, giving plaster mixture employed. The expansion 
and contraction features of pattern materials are dis- 
cussed, and the method of making molds for electro-plat- 
ing is detailed, with special reference to making odd de- 
signs. Limitations and advantages of the method are 
compared. The author also takes up other points in mak- 
ing patterns by this method. 


HISTORICAL 


1. Historically, the earliest work on electro-forming dates back 
to 1840. At that time the first patent, No. 8610, was issued by the 
English Patent Office for a process of manufacturing of embossing 
| and printing plates used in dyeing of calico. This was the begin- 
ning of the present day electrotypes and rotogravure plates with 
which we are all familiar. Rebuilding worn parts of machinery by 
deposition also has its origin from this patent. 


2. The first mention of producing patterns by electro deposi- 


tions was made in 1841 by Thomas Spencer, British Patent No. 
8865. He stated that it could be done, but did not go into detail. 
The only electricity available during those times was made from 
wet cells, and naturally they were limited in the scope of work 
turned out. 


) 


3. The first work in this country, on record, on deposited pat- 
terns was done by Keep, of the old Michigan Stove Company in 


* President, Electro-Chemical Pattern & Mfg. Co. 


Note: This paper was presented at a Patternmaking Session of the 46th Annual 
A.F.A. Convention, Cleveland, O., April 20, 1942. 
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1890. He had the idea of reproducing the fancy designs that were 
so prevalent on stoves at that time. To what extent and how long 
the process was used the records do not reveal. 

4. In 1906, Antisell mentioned* a method of producing patterns 
as well as copper matches by electro deposition. Nothing much 
was done to further the production of patterns by this method 
until we started in 1923. No doubt, work had been done but no 
published records seem to be available. On all the published works 
on patterns up to this time, no mention had been made as to the 
accuracies held. This was our main objective when work was 
started on the process. 

5. To date, in addition to commercially used patterns there are 
several articles made by electro-forming. On all these processes, 
certain molding materials that are most suitable have to be used. 
In general the most common are wax, bismuth, lead alloys and 
plaster of paris. 


CORROSION ASPECTS 


6. Curiously enough, as far back as 1805, when two dissimilar 
metals such as zine and tin and zine and iron were brought together 
in a water or salt solution, the reason and the results were known. 
The zine went into solution at the expense of tin and iron, and 
with aluminum unknown at that time, the aluminum would disin- 
tegrate at the expense of the tin and iron, and, to a lesser degree, 
with zine. Yet we still have claims that aluminum solder whose 
base is zine and tin is a satisfactory solder for aluminum under all 
conditions. This can be checked from data of the ‘‘ Electro-motive 
Series of Metals.’’ Studying these series indicates that there will 
never be developed a satisfactory soft solder for both aluminum 
and magnesium. Along the same lines we wonder sometimes why 
excessive corrosion takes place in dowel and screw holes of pat- 
terns; also, at the parting surfaces of the pattern when fastened to 
plates and even on plate surfaces coming in contact with plated 
patterns. Some of this corrosion can be overcome by selecting the 
right metals or combination of metals wherever practical. 

7. Magnesium plates and patterns have come to the front in 
the last few years. No doubt magnesium will be continued to be 
used due to its ease of machining and lightness. One of the diffi- 





* Antisell, F. L., “Electricity in the Foundry,”” TRANSACTIONS, AMERICAN FOUNDRY- 
MEN’S ASSOCIATION, vol. 15 (1906), pp. 87-88. 
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culties in using magnesium is its ease of corrosion. Little can be 
done to overcome this plate corrosion when plating iron, copper, or 
brass patterns on magnesium plates. Excessive corrosion takes place 
at the juncture of plate and pattern. Magnesium and aluminum 
patterns on the other hand ean be plated on either aluminum or 
magnesium plates with very little effect. 

8. Some of the dowel and screw hole corrosion can be overcome 
in aluminum and magnesium patterns if zine plated iron dowels 
and serews are used. It might be suggested to zine- or chromium- 
plate the parting surface of iron, copper or brass patterns. This 
will eliminate to some extent the corrosion that takes place when 
aluminum and magnesium are used for plates. Copper plated 
dowel pins which are being used by some companies is one step 
forward in this direction especially when used for doweling iron 
patterns. This procedure eliminates to a great extent the rusting 
in of dowels. 


CoprPpeR PATTERN PRODUCTION 


9. For copper pattern production, plaster of Paris was formally 
adopted and 99 per cent of our patterns are made by using plaster 
as a molding material. Wax and soft alloys can only be used for 
special cases. When wax is used the object to be reproduced is 
pressed into the molding material. This eliminates the use of 
wood masters, especially where wax is used for fillet and glued 
sections that might be easily torn loose from the pattern. Many 
times wood patterns are patched with plaster, paper and plastics. 
White metal has its limitations due to the fact that it cannot be 
poured on wood patterns and even on some metal masters where 
solder is used in joining sections or producing fillets. 


Plaster Mixture 

10. In our ease, as well as in general pattern making, a good 
gerade of dental plaster should be used. The general accepted 
practice in pattern making is to sift the plaster into water until 
no more is taken up. It is anyone’s guess to determine the neces- 
sary amount. The resulting set plaster varies in hardness, strength 
and expansion. The most consistent results are obtained by meas- 
uring the water and weighing the plaster. Three pounds of the 
average plaster is used to 1 qt. of water. The water is measured 
and the necessary amount of plaster is added. Allowed to stand for 
a few minutes, it is stirred until the original consistency thickens, 
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and then poured. For thinner consistency, less plaster can be 
used, as low as 2% Ib. to 1 qt. of water. Plaster should never be 
poured until the original consistency thickens, otherwise, the time 
of setting is increased, softer plaster is produced and a tendency 
to stick results. Plaster mixed with 3 lb. to 1 qt., setting time about 
twenty min., expands .0022-in. per ft. when still hot, then drops 
down to .0019-in. per ft. when cool, and does not change after stand- 
ing for months. This expansion can be cut to some extent by adding 
inert materials, increasing the water content and by the use of ac- 
celerating and retarding mixtures. There are plaster mixtures on 
the market that set to a very hard dense mass which are used a 
great deal for master patterns on duplicating machines. 


Expansion and Contraction 

11. Working with some of these mixtures, very interesting re- 
sults were obtained, especially with their expansion and contrac- 
tion properties. Using 1 qt. of water to 6 lb. of plaster, one of the 
mixes specified by the company, an expansion of .0015-in. per ft. 
was obtained when hot. Two days later when dried, .0012-in. per 
ft. was registered, 10 days later, .002-in. per ft., and one month 
later a shrinkage of .003-in. per ft. occurred. It is even possible to 
get shrinkage with these materials after drying a day or two by 
increasing the water content. Although these materials may serve 
their purpose for lack of a better one, the results show that they 
are very unstable in the set form. 

12. A eonvenient way of measuring expansion is to take a stand- 
ard steel ft. scale, grease and lay it on a flat plate, then put a small 
piece of brass on each end of scale, using grease on bottom to hold 
in position. Pour plaster 1-in. or more on top of scale and brass, 
when set remove scale and let scale cool down to room temperature. 
Then, with the aid of feelers and scale, the exact expansion can be 
determined. There are other methods that can be used, but this 
is the most convenient. 

13. Expansion causes the difficulties that sometimes occur in 
removing patterns from plasters and plaster cores from core boxes. 
Expansion does not reach its maximum until the plaster tempera- 
ture is at its greatest. Any tendency to stop expansion will cause 
a warping. 


Separators To Alp DRAWING PLASTER FROM PATTERNS 


14. For separators or materials to aid drawing of plaster from 
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patterns or cores boxes, there are many that are advocated. We 
use the ordinary thin grease or dope, especially those that contain 
soap materials and oil. The soap in the grease not only acts as a 
separator, but allows ‘he plaster to wet the surface of the pattern to 
some extent, thereby « «tting more accurate detail and less bubbles. 
Only a skin coating is necessary to facilitate removal and to pre- 
vent sticking. 


Makina Mops 

15. In making molds for electroplating, we use the procedure 
as mentioned. Most of the expansion that takes place in the plaster 
dissipates by the time the pattern is finished. The single shrink 
patterns that we work from are either wood or metal. These pat- 
terns should be split, but if necessary, we can take a solid pattern 
and make a split duplicate copper pattern from it. This is the 
only process by which the working pattern can be made first. 
Trial castings taken from it and any changes necessary can be done 
before production patterns are started. This is possible because 
there is absolutely no shrinkage between the copper pattern and 
the pattern to be duplicated. 

16. The required number of molds to fill a plate are taken from 
the pattern submitted. These molds are dried in an oven at tem- 
peratures below the decomposition point of plaster, which is around 
140°F. The dryness of the plaster can be determined by loss of 
weight, usually 35 per cent, or by noting when the conductivity be- 
comes zero. There is an instrument developed for this purpose, 
known as a moisture detector. The molds are then waxed, allowed 
to cool and made conductive by suitable means, such as graphite 
or metal powders. Wires are attached connecting conductive sur- 
faces and cathode rod in plating tank. 

17. The plating is done in still tanks and allowed to plate until 
the desired thickness iS obtained, usually from 3 to 6 days. Tem- 
perature of tanks is around 80°F. Minimum thickness of 1/32-in. 
is usually obtained, but in order to obtain this minimum, other 
parts of the deposit might be 1/8-in. or more in thickness. When 
deposits are finished they are removed from molds, hot tinned, 
backed up with white metal, and brass strips added in pattern. 
This brass acts as a good medium for serews and dowels and also 
for a strengthening agent. 


18. These patterns are machined in a lathe to their parting 
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surfaces by placing them in plaster of Paris or white metal jigs. 
These jigs are made from the original patterns or copper dupli- 
cates. The machined halves are then matched cope against drag 
by the use of a plaster jig that has been made from the matched 
original pattern. The halves are tacked together with solder. Fins 
set up by machining are removed by filing. The patterns from 
this point are complete ready for mounting. 

19. One proof that these patterns are accurate is that all copper 
patterns are machined and matched from the same plaster or white 
metal jigs. We hold accuracies to a few thousandths of an inch 
in machining. ‘he copper surface contours made by the original 
pattern impression are absolutely perfect. Naturally, having pat- 
terns as alike as it is humanly possible to make them, castings are 
bound to be more regular and therefore, a good deal of the ma- 
chining difficulties will be eliminated. The casting will naturally 
have a more uniform weight. 


Opp DESIGNS 


20. Very frequently patterns with an odd design are required. 
These designs are not always machinable, and must be hand worked. 
With a number of patterns on a plate, this means either consider- 
able working to templates, or slipshod guesswork as to shape, per- 
haps resulting in no two being alike. Quite often this odd design 
is the only means of holding castings in chucks or jigs for machin- 
ing. If the patterns are alike, all castings fit the fixtures properly ; 
if patterns are dissimilar, castings are often machined ‘‘off cen- 
ter.’’ Copper patterns eliminate the need of unsightly serial num. 
bers. 

21. Engineering changes can be readily made on copper pat 
terns. They are very easily altered or patched with brass, copper 
or steel, and a soldering iron, without excess electrolytic corrosion 
between patch and pattern, as is readily noted on aluminum. 


LIMITATIONS AS TO SIZE 


22. We are limited to around 20-in. in the size of patterns we 
make. We also admit that we can not make patterns as light as 
aluminum. They do compare in weight with brass and iron. The 
wearing qualities compare favorably with cast iron and, in some 
eases, better. Try patching some of your iron or aluminum pat- 
terns with copper and note the difference in wear. 
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BacKING METALS 


23. As has been stated, white metal is used to back these pat- 
terns. This alloy is one of the hardest that can be made and still 
serve the purpose. Also, its shrinkage has been cut down to around 
.005-in. per ft. It is composed of copper, lead, tin and about 20 
per cent antimony. It is a misnomer to state that the average white 
metal, such as tin and zine, is non-shrink, because it does shrink 
to a considerable extent. The only two common metals that will 
eliminate or reduce shrinkage are antimony and bismuth. These, 
when alloyed with tin, cadmium or lead, control shrinkage. Anti- 
mony having the ability to produce harder alloys and being cheaper 
was naturally chosen for a backing material. 


ADVANTAGES 


24. There are many advantages available in pattern making if 
one wishes to apply the principles of electro-forming to that art. 
In the case of aluminum or magnesium core boxes used on core 
blowing machines, many of these are brass faced. These facings 
become worn or uneven and must be replaced or spotted. Deposit- 
ing copper on worn faces and re-machining eliminates replacement 
and spotting. Many rapidly wearing sections of boxes can be re- 
placed by electro-formed reproductions. 

25. In ease the pattern or core box is made from brass or 
copper, worn spots can be rebuilt by deposition. Solder fillets can 
be replaced by copper. Many times, by patching up an old metal 
or wood pattern with wood, plaster, paper, ete., the desired changes 
can be made. The patched pattern can be used to produce the re- 
quired number of copper patterns. Then the patches can be re- 
moved allowing it to be returned to its original state. 

26. Due to the flexibility of the process, it oftentimes becomes 
very convenient to convert irregular parting jobs to cope and 
drag plates, especially where pattern and partings have com- 
plicated shapes, entailing an enormous amount of time of machin- 
ing and the registering of cope and drag sections. An example of 
this is in the making of hand wheels, and ball and socket dises for 


valves, ete. 


VERTICAL SHRINKAGE 


27. In nearly all castings the vertical shrinkage as a rule is 
greater than the horizontal, or parting shrinkage. This can be 
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taken care of by making the pattern proper larger through the 
vertical dimension and keeping the parting dimension to size. 


SEPARATORS 


28. In ease patterns are mounted on two sides of a plate, the 
working pattern is machined to size on body as well as core prints. 
A separator is placed between halves of pattern. This separator 
must have the thickness equivalent to the added rise wanted on 
cope. The prints are re-machined, making sure that only the cope 
side of prints are touched. The separator can be left on cope side 
of pattern or removed. In either case, we can produce our copper 
patterns, knowing the additional thickness. In case patterns are 
mounted on one side of the plate, the right thickness of separator 
will be used, but half will be on the cope side and half on the drag 
side of pattern. 


CORES 


29. Many times, in setting cores that have round prints, several 
difficulties can be eliminated if the core prints are made oval ; that 
is, to size on the vertical dimension and a few thousandths over 
size on the parting dimension. This procedure tends to eliminate 
core erushes due to rapid setting of cores, misalignment of pat- 
terns and loose flasks. Core boxes can be used longer before crushes 
oceur on parting of mold due to wear on box prints. 

30. In construction, the pattern proper is brought to size first, 
then a separator is placed between the halves and prints machined. 
The vertical dimension is machined over-size, equivalent to the 
thickness of the separator. When the separator is removed, the ver- 
tical dimension corresponds to that of core box. Naturally, pattern 
eosts will run considerably higher if one wishes to apply this 
system in machining the required number to fill a plate. In mak- 
ing copper patterns only one split, wood or metal, working pattern 
with this added feature is necessary to gain the effect. 


No Cure-ALL 


31. In summary, we do not claim that deposited patterns are a 
cure for all pattern and casting ills, but they are one step forward 


in this direction. 
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DISCUSSION 


Presiding: FRANK C. CECH, Cleveland Trade School, Cleveland, O. 

Co-Chairman: V.J. SEDLON, Master Pattern Co., Cleveland, O. 

MEMBER: How does a copper pattern compare in price with a pres- 
sure-cast plate? 

Mr. LAUKEL: In most cases, the cost of a plate of copper patterns 
will be higher, but there is no comparison between the accuracy of a 
cast plate and copper patterns. Then too, a double shrink pattern must 
be used in the case of a cast plate, whereas a single shrink or working 
pattern is used for duplication into copper patterns. 

MEMBER: Does a pattern have to have shrinkage in it? 

Mr. LAUKEL: Copper patterns are made from the single shrink, or 
working pattern, either in wood or metal. There is absolutely no shrink- 
age in the production of copper patterns. 

MEMBER: Must the patterns all be split? 

Mr. LAUKEL: We can only preduce split patterns and cope and drag 
plates that can be mounted on plates. 

MEMBER: How is the copper laid on? 

Mr. LAUKEL: It is done by electro-plating. The cavity made by the 
pattern is made conductive and plated until the desired shell thickness 
is obtained. 

MEMBER: Would it follow the line of the box that is worn? 

Mr. LAUKEL: Core boxes that are worn on the parting surfaces can be 
brought to the original size readily by depositing an excess of copper and 
re-machining. Only boxes that are made of brass or copper, or those 
which are brass faced are adaptable to this process. For example, an 
aluminum or magnesium core box brass faced can be consistently re- 
built. 

MEMBER: One firm has a special small core box made up for the pur- 
pose of replacing these cores. The cores are taken from this special core 
box, placed back in the worn box, and the copper is deposited, giving 
an exact duplication of the original. 

Mr. LAUKEL: The box was originally made about four or six years 
ago. We have rebuilt the surfaces on it about six times now. There are 
many places where it can be used. For example, there are intricate 
sections in a core box. In using an aluminum box which necessitates 
the insertion of an intricate section, a copper insert may be made of 
the section and placed in the box. When worn, it can be replaced with 
a duplicate copper insert. 

MEMBER: Are there any limits as to the size of the patterns? 

Mr. LAUKEL: Yes, there are. Our limit is a pattern about 20-in. long. 
We cannot make the patterns as light as aluminum, but we can back 
them out to get them similar to brass and iron in weight, and they can 
be stacked up against iron as far as wearing qualities are concerned. 

It is possible to take an old wood job, patch it up to suit a new design 
and take the required number of coppers from it. Then the wood pat- 
tern can be restored to its original design. The same is true with a 
metal pattern which can be exchanged for wood, wax or any other mate- 
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rial, and we can reproduce from it. The process is very flexible, and we 
can do a good many things which cannot be done in ordinary patternmak- 
ing. So far as patching and soldering are concerned, it is easy. Copper is a 
little more difficult to solder than brass, but it can be done with a hotter 
iron. 

MEMBER: Have you any schedule of the approximate price of the 
plates? Does it run according to weight or size? 

Mr. LAUKEL: We do not have a definite price scale. With ordinary 
patterns we cannot give a definite figure unless we actually see the job 
and the type of work to be done. 

MEMBER: If a new copper facing was built up on an aluminum core 
box, would the copper resist wear any more than the aluminum? 

Mr. LAUKEL: Yes. We cannot put the copper facing directly on 
aluminum. The box would have to be brass faced first. 

MEMBER: Would the wearing qualities be improved by depositing 
chromium on the copper? 

Mr. LAUKEL: Wearing qualities would be definitely improved. One 
company has chrome plated heavy run copper fitting patterns to increase 
their life. Dull chrome is usually used. 

MEMBER: Do you license this process? 

Mr. LAUKEL: We have not up to the present time. 

CHAIRMAN CECH: In summarizing this whole discussion, would you 
say that the work which you are doing pertains to work of fine detail? 

Mr. LAUKEL: This process pertains to all split patterns, cope and 
drag plates, core sections, etc. where accuracy and uniformity of the fin- 
ished casting is of prime importance. The cost of these patterns is very 
much less in comparison to machined brass, aluminum, or iron patterns. 

J. F. CHAMBERS!: One of the drawbacks to plasters is that they have 
not been absolutely uniform as far as the setting time is concerned. 

A special casting plaster has been developed that is claimed to set 
stabilized or to have a constant setting time. With this material, the 
foundryman or patternmaker can depend upon having plaster that is 
uniform in setting time, without having any soluble salts in it. It has 
been possible to produce set stabilized plaster by the addition of soluble 
salts but this new plaster is said to eliminate that necessity. 

Another feature, advantageous in some kinds of casting plaster, is 
the expansion. The expansion rate of this new set stabilized plaster is 
said to be uniform. In certain cases, foundrymen like to have a plaster 
that has absolutely no expansion. Such a plaster has been developed. 

Mr. LAUKEL: It is the common practice in the average pattern shop 
to use guesswork in the mixing of the plaster of Paris, that is, sifting 
plaster into the water until no more is taken. With that set-up, it is not 
possible to get two plasters alike. If the plaster is weighed and the 
water is measured, a uniform mix can be secured every time. Usually, 
the plaster is not stirred long enough, causing it to stick to the mold or 
break up. If it is stirred until the consistency thickens and then poured 
out, better results are obtained. 


1 National Gypsum Co., Luckey, O. 
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The best separator for pulling plaster off patterns is a grease that 
contains calcium soap. It is possible to get much better detail and better 
release because the plaster has a tendency to wet the soap in the grease. 
The plaster lays to the job much better and the grease allows it to slip 
out. If an oil mixture is used without a soap being present, it will result 
in very poor reproduction of the pattern because the grease keeps the 
plaster away from the job and produces many bubbles. All plaster ex- 
pands from 0.015-in. to 0.020-in. per ft. 
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Machinable |.5 Per Cent and 2.0 Per Cent 
Chromium Cast Irons to Resist Deteri- 
oration at High Temperatures 


By C. O. Buraess*, AND A. E. SuHruspsALu*, NriAGARA FAauus, N. Y 


Abstract 


This paper describes a method of improving 1.5 and 2.0 
per cent chromium cast irons and bringing them within 
the machinable range through ladle additions of alloys of 
the silicon-manganese-zirconium type. The experimental 
work shows that such chromium-bearing irons possess a 
high order of resistance to deterioration on long exposure 
at high temperatures [specifically 516 hours at 1472°F. 
(800°C.)], and that their resistance to oxidation and 
growth is not adversely affected by graphitizing ladle ad- 
ditions. The paper includes a general study of the phe- 
nomena responsible for the deterioration of cast tron at 
high temperatures. Cast irons containing nil to 2.0 per 
cent chromium are covered in this study and their oxida- 
tion, growth, and change in strength on prolonged ex- 
posure to 1472°F. determined. The development and pen- 
etration of a metal-oxide constituent into the cast irons is 
found to be intimately associated with high temperature 
deterioration. The improvement effected by chromium ad- 
ditions appears mainly to result from the ability of small 
amounts of chromium to inhibit and finally prevent pene- 
tration of this metal-oxide constituent. 


INTRODUCTION 


1. The present study had two main objects. The first object was 
to determine whether 1.5 and 2.0 per cent chromium cast irons of 
otherwise normal analysis could be rendered machinable, without 
the loss of their other highly desirable properties, through the use 
of recently developed special graphitizing alloys of the silicon-man- 
ganese-zirconium type, analyses of which are given in Table 2. The 


* Union Carbide & Carbon Research Labs., Inc. 
Note: This paper was presented at a Gray Iron Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 23, 1942. 
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desirability of such irons was indicated by previous work' in which 
it was found that when the chromium content reached 1.0 per cent 
to 2.0 per cent, a definite increase in oxidation resistance (and 
presumably in growth resistance of cast iron) took place. 

2. The second object of the investigation was to further study 
the phenomena responsible for the deterioration and growth of cast 
iron at elevated temperatures. In this study a series of irons con- 
taining nil to 2.0 per cent chromium was employed. A definite part 
of the investigation was to determine whether graphitization of 
normally white irons containing 1.5 and 2.0 per cent chromium 
would adversely affect their resistance to deterioration and growth 
at high temperatures. 


Test MATERIALS 


3. The cast irons employed in the investigation are listed in 
Table 1. It will be observed from this table, that in addition to ten 
heats (Specimens 2 through 11) in the range of 1.5 to 2.0 per cent 
chromium, four lower chromium heats (Specimens 1, 12, 13, and 
15), and two unalloyed cast irons of normal and low carbon content 
(Specimens 14 and 16) are included. 

4. The heats in Table 1 are further classified as ungraphi- 
tized or graphitized. They are considered as graphitized if they re- 
ceived additions of alloys 1, 2 or 3. The analyses of the ferrochro- 
miums and graphitizing alloys used in the preparation of the above 
heats are given in Table 2. 


Table 2 
ANALYsIs oF AppI'TION ALLOYS 


Chromium, Silicon, Manganese, Zirconium, Carbon, 


Alloy per cent per cent per cent per cent per cent 

1 ae 75.65 7.08 7.23 

2 ike 62.25 5.92 6.07 estes 

3 30.05 36.97 7.73 5.72 0.28 
FeCr 64.01 8.30 au wae 5.46 
Mn-FeCr 59.36 4.64 10.51 wes 4.14 


Use or Auuoys 1, 2 and 3 AppITIONS IN PRODUCTION OF MACHINABLE 
1.5 anp 2.0 Per Cent Curomium Cast Irons 


5. In regard to the first object of the investigation, i.e., the im- 
provement of 1.5 per cent and 2.0 per cent chromium irons, it was 








1 Superior numbers refer to bibliography at end of paper. 
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found that ladle treatment of such irons with the alloy 1 and alloy 
3 rendered them machinable at moderate speeds and materially 
improved their physical properties and resistance to chilling. 
This is clearly brought out if representative untreated and treated 
irons of similar chromium content listed in Table 1 are compared 
This comparison is shown in Table 3. 

6. Machined surfaces of transverse bars of the six irons are 
shown in Fig. 2. The high speed steel tool failed after 154 cuts 
on the straight 1.5 per cent chromium east iron (Specimen 2), while 
no visible tool wear was produced after two cuts on the 1.5 per cent 
chromium irons treated with alloy 1 and alloy 3 (Specimens 4 and 
6). Similarly the tool failed immediately on the straight 2.0 per 
cent chromium iron, while no visible wear was shown after two 
cuts on the 2.0 per cent chromium alloy 1 treated iron (Specimen 5). 





Fic. 1—Errect oF LADLE ADDITION ALLOYS ON CHILLING OF 1.5 PER CENT AND 2.0 PER CENT 
CHromium Cast Iron. (A) SPECIMEN 2, 1.51 PER CENT CHROMIUM, No TREATMENT; (B) 
SPECIMEN 4, 1.51 PER CENT CHROMIUM, ALLOY 1 TREATED; (C) SPECIMEN 6, 1.45 PER CENT 
CHROMIUM, 0.5 PER CENT CHROMIUM AS ALLOY 3; (D) SPECIMEN 8, 1.54 PER CENT CHRo- 
MIUM, No TREATMENT; (E) SrrcimMeN 3, 1.96 Pex CENT CHROMIUM, NO TREATMENT; (F) 
SPECIMEN 5, 2.02 PER CENT CHROMIUM, ALLOY 1 TREATED; (G) SPECIMEN 7, 1.84 PER 
CENT CHROMIUM, 1.0 PER CENT CHROMIUM AS ALLOY 3; (H) Specimen 9, 1.99 PER CENT 
CuromiuM, No TREATMENT. 
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The 2.0 per cent chromium alloy 3 treated iron (Specimen 7) was 
more easily machined than the straight chromium iron but not su 
readily machined as the alloy 1 treated iron. It would appear that 
at the 2.0 per cent chromium level, alloy 1 is more efficient than 
alloy 3 as regards its softening effect. 

7. Table 3 and the observations on machining definitely indicate 
that a 1.5 per cent chromium iron can be strengthened and rendered 
machinable by ladle additions of alloy 1 or alloy 3. An alloy 1 ad- 
dition to a 2.0 per cent chromium cast iron also improves the 
physical properties and renders an iron that would normally be 
unmachinable, machinable at relatively low speeds. 


PROCEDURE USED IN OXIDATION AND GrowTH TESTS 


> 


8. The second object of this investigation was to study the 
deterioration of irons exposed to elevated temperature, and in par- 
ticular to determine whether graphitization would adversely affect 
the resistance to such deterioration normally produced by additions 
of 1.5 per cent and 2.0 per cent chromium. 

9. The test specimens employed in the major portion of this 
investigational work were six inch long bars cut from the middle 
portion of standard 1.2-in. diameter arbitration bars cast from the 
heats listed in Table 1. The cut ends of the 6-in. bars were ma- 
chined flat, and to facilitate determinations of length changes 
(growth), stainless steel plugs were inserted® into each of the ma- 
chined faces. The value of such inserts is that true overall length 
measurements can be obtained independent of errors normally 
brought about by scale formation. 

10. These specimens were placed on stainless steel racks, and 
specimens and racks exposed to the test temperature 1472°F. 
(800°C.). A view of one of these racks and the manner in which a 
specimen rested on the rack is shown in Fig. 3. 

11. In addition to the above specimens used both for growth 
and oxidation measurements, smaller oxidation specimens consist- 
ing of one-in. slices cut from the same arbitration bars were used 
to determine the rate of progressive oxidation. As described in a 
previous paper’, these small oxidation specimens rested in depres- 
sions drilled in a 25 per cent chromium, 12 per cent nickel plate. 
They were exposed to the same heating cycles as the larger growth 
specimens. 


12. <A large Nichrome-wound furnace was used in heating the 
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Fic. 3—Typre oF Rack Usep To Ho_p GrowrH SPECIMENS. 


specimens to 1472°F. (800°C.). In a typical heating cycle, the fur- 
nace was brought to test temperature, and the specimens inserted. 
Approximately one hour was allowed for the specimens to reach 
1472°F. (800°C.), and they were held at this temperature for an 
average period of 16 hours. The test specimens were then removed 
from the furnace and allowed to cool in still air to room tempera- 
ture. This procedure was repeated until a total exposure time of 
916 hours was attained. 

13. The sixteen growth bars were measured after each heating 
eyele with a vernier caliper capable of measuring accurately to 
0.001-in. 

14. The small oxidation samples were weighed after each heat- 
ing cycle. All loose scale was then removed and the samples re- 
weighed before the next cycle. This latter precaution was taken to 
reduce flaking off of seale during the heating cycle to a minimum, 
and permit a comparatively accurate measurement of rate of scale 
formation to be obtained. 


RESULTS OF OXIDATION TESTS 


Rate of Progressive Oridation 

15. As noted in the preceding section, rate of progressive oxida- 
tion was determined by weighing the small oxidation samples after 
each heating cycle. The increase in weight on exposure to a heat- 
ing cycle was considered as a measure of the rate of oxidation. 
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16. Curves of weight increase vs. time at temperature are shown 
for an unalloyed and 1.54 per cent chromium iron in Fig. 4. It will 
be noted that the rate of oxidation changes after approximately 
72 hours at temperature. This is true of all cast irons, but is par- 
ticularly evident in chromium-bearing irons on which a protective 
scale is gradually built up, the degree of protection increasing with 
chromium content. These detailed curves are included to indicate 
the method by which the slope of the curves of average rate of 
oxidation were obtained. It will be noted from the superimposed 
straight lines that the rate of oxidation is considered to corre- 
spond to the slope of the detailed weight gain-time curve after the 
72nd hour, when the rate of gain has become fairly constant. This 
same procedure was used in determining the average rate of 
progressive oxidation of the other irons. 

17. The manner in which chromium content from 0.50 per cent 
to 2.00 per cent affects the rate of progressive oxidation is shown 
diagrammatically in Fig. 5. It will be noted that a relatively sharp 
drop in the rate of progressive oxidation occurs with approximate- 
ly 0.50 per cent chromium, and this rate of oxidation is further 
decreased with higher chromium contents. It might be noted in 
this regard that previous experience indicates that the effect of 
about 0.50 per cent chromium on oxidation rate can be masked or 
exaggerated by variations in the base iron at oxidation tempera- 
tures of 1472°F. or above, but when the chromium content reaches 
1.0 per cent or over, the progressive oxidation rate shows a definite 
decrease irrespective of large variations in the type of base iron. 


18. The curves of Fig. 5 represent the approximate effect of 
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Fic. 4—Procress WEIGHT INCREASE OF AN UNALLOYED CAST IRON AND A 1.50 PER CENT 
CurRoMiIuM CAST IRON. 
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1G. 5—RATES OF PROGRESSIVE OXIDATION. 


chromium on reducing oxidation but they must be considered as 
approximate in view of the possibility that scale may have flaked 
off during a heating cycle. Their accuracy was increased by av- 
eraging the rates of oxidation of all specimens at a given chromium 
level and showing the rate at this chromium level as a single curve. 
Treatment of the 1.5 per cent and 2.0 per cent chromium irons with 
alloys 1, 2 or 3 did not produce any consistent variation in the 
progressive oxidation rates from those exhibited by ungraphitized 
irons of the same chromium content. 

19. One interesting observation was the difference in progres- 
sive oxidation rate between the two unalloyed irons listed respec- 
tively as plain iron (Specimen 14) and low-carbon iron (Specimen 
16). It should be stressed that both these irons were gray, the 
separation of flake graphite in the low-carbon iron being induced 
by an addition of alloy 1 or 2. The greater oxidation rate and final 
oxidation loss of the low-carbon iron appeared to be directly due 
to the fact that the seale formed on the iron did not adhere so 
firmly as it did on the higher carbon base iron. This is shown in 


Table 4 


ADHERENCE OF SCALE LAYERS ON UNALLOYED IRONS 











Before After E. to 1472°F. (800°C 
Exposure bes trata A, a Total Wt. 
Speci- Original Wt. Specimen Changein Wt. Loss on 
men Weight, Plus Scale, from Original, Cleaning, 
No. Type grams grams grams grams 
14. + Base Iron 679.7 712.7 + 33.0 89.5 


16 Low-C Iron 720.2 675.3 — 44.9 113.9 
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Fic. 6—APPEARANCE OF GROWTH SPECIMENS BEFORE CLEANING. 


Table 4, which contrasts the original weight of a specimen with 
its weight after the formation of adhering scale on exposure to 
1472°F. (800°C.). 





Fic. 7—APPEARANCE OF GrowTH Specimens Arrer REMOVING SCALE. 
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20. It is clear from the fifth column of Table 4 that a consider- 
able amount of the scale has broken off in the case of the low-car- 
bon iron (Specimen 16), sufficiently so that a weight loss of 44.9 
grams is recorded before sandblasting to remove tightly adhering 
‘scale. On the other hand, enough scale adheres to the plain base 
iron (Specimen 14) so that despite extensive oxidation, it shows 
before cleaning an increase of 33.0 grams over its original weight. 
Piwowarsky® has reported that the adhesion of scale on east iron is 
far superior to that on steel in the range of 1380° to 1650°F. 
Presumably the graphitized low-carbon iron does not possess the 
adherent seale of a normal cast iron, resembling steel rather than 


east iron in this regard. 


21. Following the determinations of oxidation rate, the growth 
specimens were sandblasted to remove all adhering seale. The ap- 
pearance of representative growth specimens before and after sand- 
blasting is shown in Figs. 6 and 7. In Fig. 7 it will be noted that re- 
moval of scale from the unalloyed base iron (Specimen 14) reveals 
the presence of deep oxidation grooves that are believed to be as- 
sociated with the high degree of internal oxidation exhibited by this 
iron. It will be noted that a small section has been cut from each 
of the growth bars in Fig. 7. These sections were removed previous 
to cleaning to permit metallographic examination of a section with 


adhering seale. 


22. The per cent loss in weight and the loss in grams per sq. in. 
at 1472°F. of the growth specimens are shown in Figs. 8 and 9. 
Observation of individual points in these figures reveals some in- 
consistencies, but a very definite trend toward less oxidation loss 
with increasing chromium is evident. The largest drop in oxidation 
loss appears to take place as the chromium is raised from nil to 
1.0 per cent chromium, although an appreciable and distinctly 
worth while improvement occurs on further raising the chromium 
to 1.5 and 2.0 per cent. It will be recalled that a somewhat parallel 
improvement with increasing chromium was noted in the resistance 
to progressive oxidation. It will be observed that there is no evi- 
dence that graphitization of the 1.5 and 2.0 per cent chromium cast 
irons by ladle additions produces a greater oxidation loss than in 
white irons of similar chromium content. 


23. It is apparent from the curve in Fig. 9 that the simple ad- 
dition of 1.5 per cent chromium to a cast iron will reduce its oxida- 
tion loss at 1472°F. to % that of an unalloyed iron. It is difficult 
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Fic. 8—Per CENT Loss IN WEIGHT DUE To OXIDATION OF GROWTH SPECIMENS. 


to see how this effect can be brought about except through the 
formation of a more adherent and protective scale on the chromium- 
bearing irons. In order to permit a complete examination of the 
seale layers, sections were cut from the growth specimens with the 
seale still adhering. These were mounted with Wood’s metal inside 
steel annular rings in order to preserve their scale during the polish- 
ing operation. The type of mounting employed is illustrated in Fig. 
10. The appearance of the scale with increasing chromium content is 
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illustrated in Figs. 11 and 11-A. The scale on the unalloyed iron 
(Specimen 14) is light in color and, as evidenced by the numerous 
voids, very porous at the scale-metal interface. Only a portion of the 
scale of the unalloyed iron is shown, as actually its thickness 





covered three fields at 100 diameters. With 0.47 per cent chromium 
present in the iron (Specimen 1) the scale is obviously less porous 
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Fic. 10—ELIMINATION OF CENTER SHRINKAGE IN A 2.0 PER CENT CHROMIUM CAST JRON 
BY USE OF AN ADDITION ALLOY (X11). (Lerr) Specimen 3, 1.96 PER CENT CHROMIUM, 
No TREATMENT. (RIGHT) SPECIMEN 5, 2.02 PER CENT CHROMIUM, ALLOY 1 TREATED. 


and begins to darken, particularly at the scale-metal interface. The 
scale thickness also decreases, so entire thickness of the scale is in 
cluded in the photomicrographs from this chromium level on. As 
the chromium progressively increases to 0.99 per cent, 1.51 per cent 
and 1.96 per cent chromium this darkening continues and the scale 
has an extremely dense and homogeneous appearance at the two 
highest chromium contents. A further decrease in seale thickness 
also accompanies the increase in chromium content. The scale 
characteristics noted above were generally the same in the case 
of both graphitized and ungraphitized specimens. 

24. Seale from each of the specimens was knocked off by light 
hammering and submitted to analysis. The scale analyses of the 
irons illustrated in Figs. 11 and 11-A are shown in Table 5. 

25. It is interesting to observe that the sca'e on a chromium- 
bearing iron shows a definitely higher ratio of silicon to iron than 
that existing in the original cast iron, and when the chromium 
reaches approximately 1.5 per cent there is also a definitely higher 
ratio of chromium to iron in the seale than in the original iron. 
The scale on the unalloyed iron (Specimen 14), on the other hand, 
is slightly lower in silicon than the original iron. This lower ratio 
of silicon to iron in the scale was found in the case of the unalloyed 
low-carbon iron (Specimen 16) which also showed excessive oxida- 
tion. It would appear that in the protective scales formed on 
chromium-bearing irons not only is there an increase in relative 
chromium content but also a definite increase in silicon content 
over that present in the original irons. This condition appears to 
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be a measure of good scale adherence and resistance to progressive 
oxidation. 

26. The type and analysis of the scale formed on both graphi- 
tized and ungraphitized irons showed close agreement. 


ResuLts or Growtu Tests 

27. <As previously described, growth measurements were made 
after each heating cycle. The growth specimens have been illus- 
trated in Fig. 6 and the accelerated growth of the unalloved bars 
(Specimens 14 and 16) is at once apparent. From these readings 
eurves of growth vs. time at 1472°F. could be plotted. Typical 
eurves of growth with increasing time at temperature are shown 
for the plain and chromium-bearing irons in Fig. 12. It can be 
seen that there is a decided decrease in growth with the addition of 
approximately 0.50 per cent chromium, and a further decrease in 


erowth with higher chromium contents until at the 2.0 per cent 


chromium level the growth is practically nil. It is interesting to ob- 
serve that the rate of growth increases with time in the ease of the 


Fic. 11-A—ScALE FoRMATION ON CAST IRONS OF VARYING CHROMIUM CONTENT AFTER Ex- 
POSURE To 1472°F. (X100). (Lerr) Specimen 2, 1.51 PeR CENT CHROMIUM. (RIGHT) 
SPECIMEN 3, 1.96 PER CENT CHROMIUM. 
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Fic. 12—GrowTH or Cast Iron AFrek CYCLE HEATING TO 1472°F. 


unalloyed iron while no such marked increase in growth rate with 
exposure time is noted in the case of the chromium-bearing irons, 
and in fact when the chromium reaches about 1.5 per cent there 
appears to be an actual decrease in growth rate with increasing ex- 
posure time. This may be connected with the formation of a pro- 
gressively more protective scale on the higher chromium irons. 

28. In Fig. 13, the total growth of each specimen is plotted 
against its chromium content, and it is possible to evaluate the 
effect of graphitizing treatments on the relative growth of chro- 
mium-bearing irons. In this figure the growth figures for the 
graphitized irons are surrounded by a circle. It is at once evident 
that up to and including a 1.5 per cent chromium content the 
growth of both graphitized and ungraphitized irons progressively 
* decreases. However, at the 2.0 per cent chromium level we find 
the graphitized irons all showing practically nil growth, while the 
two white irons (Specimens 3 and 9) exhibit a growth much greater 
than would be expected from their high chromium content. This 
behavior of Specimens 3 and 9 was at first puzzling, for if a dif- 
ference existed, it might be expected that the graphitized irons 
would show the most growth. The explanation, however, appears 
to be due to the fact that the growth bars of both irons 3 and 9 
showed center shrinkage. The shrinkage in the case of iron 3 is 
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illustrated in Fig. 10. This shrinkage resulted from vertical cast- 
ing of the bars and the use of comparatively small shrinkage heads. 
It is significant to observe that the addition of a graphitizer, as 
also shown in this same Fig. 10, was sufficient to eliminate shrink- 
age (Specimen 5). It is logical to assume that the internal shrink- 
age, which in several cases reached the surface, resulted in the ex- 
posure to oxidation of a much greater area of 3 and 9, and conse- 
quently produced abnormal oxidation and growth in these two 
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eases. In consideration of the above facts, the abnormal values for 
» 


Specimens 3 and 9 were ignored in plotting the curves of Figs. 12 


and 13. 


CAUSES OF GROWTH AND INFLUENCE OF CHROMIUM ON GROWTH 
PHENOMENA 


29. Opinion as to the factors producing growth in cast iron 
at elevated temperatures varies, but they are generally believed 
to be (1) decomposition of cementite, (2) occluded gases, (3) un- 
equal expansion of the different constituents in the iron on heat- 
ing, and (4) internal oxidation. In extended growth tests of the 
present type, we are not primarily concerned with the decomposi- 
tion of cementite to iron and graphite, which produces only a frac- 
tion of the growth of cast iron, but with phenomena probably of an 
oxidation nature, that produce a continuous growth and a deteriora- 
tion in the physical properties of cast iron throughout extended 
exposure to high temperature. In a previous paper’ the formation 
of a ‘‘metal-oxide’’ constituent in the metal proper below the scale 
layer was noted and briefly described. The formation of this 
constituent is believed to be the chief factor in the growth and 
deterioration of cast iron and far overshadows any of the other fac- 
tors noted above. 

30. The purpose of the present section of the investigation was 
to determine first whether the occurrence and the quantity of the 
constituent was related to the relative growth and 


b 


‘*metal-oxide’ 
deterioration shown by the irons. A second purpose was to deter- 
mine whether chromium in solution in the iron was mainly respon- 
sible for the elimination of the ‘‘ metal-oxide’’ constituent or wheth- 
er its elimination was due to the fact that graphite flakes, the ave- 
nues for penetration of oxidizing gases, were decreased and finally 
virtually eliminated when the chromium reached the range of 1.0 
to 2.0 per cent. A third object was to determine whether the so- 
called ‘‘metal-oxide’’ constituent actually was a metal oxide. The 
previous basis for this term rested merely on the observations’ that 
a fine precipitate was evident in the metal-oxide areas such as 
might be caused by a precipitation of iron oxide from a saturated 
ferrite, and that cracking of these areas occurred on alternate heat- 
ing and cooling, indicating the formation of a voluminous pre- 
cipitate such as iron oxide. 

31. In the present series of irons the metal-oxide constituent' 
again formed on prolonged exposure to 1472°F. of irons containing 
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(Lert) SPECIMEN 14, UNALLOYED IRON. (CENTER) SPECIMEN 1, 0.47 PER CENT 
CHROMIUM. (RIGHT) SPECIMEN 12, 0.99 PER CENT CHROMIUM. 
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Fic. 14-A—ELIMINATION OF “MetaL-Oxipe” LAYER WITH INCREASING CHROMIUM CONTENT 
(X50). (Lerr) Specimen 2, 1.51 PER CENT CHROMIUM. (RIGHT) SPECIMEN 3, 1.96 PER 
CENT CHROMIUM, 





Fic. 15—Errect oF CHROMIUM ON 
*““MeTaL-Oxipe” LAYER IN GRAPHI- 
TIzED IRONS (X50). (Lert) SPEct- 
MEN 13, 1.00 PER CENT CHROMIUM, 
TREATED WITH ALLOY 2. (RIGHT) 
SPECIMEN 4, 1.51 PER CENT CHRO- 
MIUM, TREATED WITH ALLOoy 1. 
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MEN 3, 1.96 PER CENT CHROMIUM, No TREATMENT. 
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less than 1.5 per cent chromium. This is illustrated in Figs. 14 and 
14-A which illustrate at the top of the figure the appearance of 
the sectioned growth bars taken at normal magnification. Imme- 
diately beneath each macrograph the structure of the iron in the 
surface laver is shown at 50 diameters. It will be noted that in 
the unalloved base iron (Specimen 14) the dark etching ‘‘metal- 
oxide’’ layer extends at least 0.30-in. below the surface, and some 
major eracking has oecurred in this layer. Actually, as subsequent- 
ly described, small amounts of the ‘‘metal-oxide’’ constituent were 
found extending to the center of this unalloyed specimen, and their 
presence is confirmed by gas analysis of the core of the specimen. 
When approximately 0.50 per cent chromium is present as in Speci- 
men 1, the ‘‘metal-oxide’’ constituent is confined to a definite laver 
extending approximately 0.075-in. beneath the metal surface. The 
thickness of this laver is further reduced to about 0.05-in. by rais- 
ing the chromium to approximately 1.0 per cent, as shown in Speci 
men 12. In Specimen 2, containing approximately 1.5 per cent 
chromium, the ‘‘metal-oxide’’ constituent is no longer readily dis- 
tinguished. In this sample a simple decarburized layer has ap- 
parently replaced the ‘‘metal-oxide’’ layer. In the case of the 2.0 
per cent chromium cast iron (Specimen 3) this surface decar- 
burization is reduced to a narrow layer. It will be recalled from 
Fig. 12 that the growth similarly falls to a negligible value at 1.5 
per cent chromium and is practically nil at a 2.0 per cent chromium 
level. A definite relationship therefore exists between the gradual 
reduction and elimination of growth and the gradual reduction 
and elimination of the ‘‘metal-oxide’’ constituent. 


32. In regard to the second purpose of the investigation, 1.c., 
to determine whether chromium alone will prevent penetration of 
‘‘metal oxide’’ even in the presence of profuse graphite, the 
graphitized series of irons furnishes an answer. A similar decrease 
in the ‘‘metal-oxide’’ layer with increasing chromium is observed 
in the case of the graphitized 1.0 per cent chromium (Specimen 
13), 1.5 per cent chromium (Specimen 4) and the 2.0 per cent 
chromium (Specimen 5) irons. This is illustrated in Figs. 15 and 
15-A. It is evident that chromium alone will inhibit penetration of 
the ‘‘metal-oxide’’ constituent even in the presence of profuse 
graphite. This information is of particular interest as it definitely 
demonstrates that chromium in solution in cast iron is of primary 
importance in limiting internal oxidation of low-alloy cast irons, 
and that such decrease in oxidation is not mainly due to the elimi- 
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nation of graphite. 

33. Although in both cases chromium reduces penetration of 
‘‘metal-oxide’’ to a negligible value, there is an apparent differ- 
ence in the appearance of the ‘‘metal-oxide’’ layers of graphitized 
specimens and ungraphitized specimens of approximately equal 
chromium content. The graphitized specimens at normal and 50 
magnifications are shown in Figs. 15 and 15-A and should be con- 
trasted with the corresponding ungraphitized Specimens 12, 2 and 
3 in Figs. 14 and 14-A. It will be noted that at the 1.0 per cent 
chromium level the ‘‘metal-oxide’’ layer is deeper but that it is not 
continuous to the surface as in the ungraphitized specimens. At 
the 1.5 per cent chromium level a very narrow line of ‘‘metal- 
oxide’’ is still evident but a wide decarburized band apparently 
free from oxide exists between the ‘‘metal-oxide’’ layer and the sur- 
face. No ‘‘metal-oxide’’ layer is apparent in the 2.0 per cent chro- 
mium graphitized iron, and it closely resembles the ungraphitized 
2.0 per cent chromium specimen. 

34. On first glance it would appear from these observations 
that the graphitized irons permit slightly deeper penetration of 
the ‘‘metal-oxide’’ constituent. That this difference is of a minor 
nature is shown by the fact that the graphitized irons do not show 
greater oxidation loss (Fig. 9) or growth (Fig. 13) than the un- 
graphitized irons, and in fact, on the average, possess equal or su- 
perior resistance to these deteriorating effects. One possibility is 
that formation of a critical amount of ‘‘metal-oxide’’ constituent 
in the graphitized irons does not produce the same amount of scal- 
ing as in the ungraphitized irons. This greater adherence may be 
due to the gray character and more profuse graphite of the graphi- 
tized irons which would be in accord with Piwowarsky’s observa- 
tions?, and the observations in the case of the high and low-carbon 
base irons. If this mechanism is operative any small localized 
formation of ‘‘metal-oxide’’ layer in the ungraphitized chromium 
cast irons may have been sloughed away, while in the graphitized 
irons traces of such a constituent would remain. It appears pos- 
sible from observation of the outer ferrite layers on Specimens 4 
and 13 in Figs. 15 and 15-A that when this ‘‘metal-oxide’’ con- 
stituent does remain in a high chromium iron, it can be reduced 
or eliminated under certain critical temperature or oxygen con- 
centration conditions, presumably by interaction of the ‘‘metal- 
oxide’’ with the remaining graphite or carbide in the outer layer. 


35. In regard to the third object, i.e., the determination of the 
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Fic. 16—OXYGEN PENETKATION, PLAIN ANDO ALLOYED IRONS AFTER 500 Hours aT 1472°F. 


character of the ‘‘metal-oxide’’ constituent, it has been assumed 
that the constituent contains a significant amount of iron oxide but 
no proof has been advanced that such is the case. To settle this 


point successive lavers were machined from representative growth 
bars after sandblasting to remove all adhering scale. The typical 
appearance of the cross sections of these growth bars has been illus- 
trated in Figs. 14, 14-A, 15 and 15-A. The first metallic layer 
taken from the 114-in. diameter bars for analysis was 7s-in. in thick- 
ness. The second layer immediately beneath the first layer was 
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1y-in. in thickness. The last material for analysis consisted of turn- 
ings taken from the complete cross section of the remaining core. 
The results of the oxygen analyses on these sections, called outer 
layer, intermediate layer, and core, respectively, are given in Table 
6. The oxygen analyses are shown graphically in Fig. 16. It should 
be stressed that these analyses were made on the metallic portion of 
the specimens, all detectable adhering scale having been previously 
removed by careful cleaning and sandblasting. 


Table 6 


OxYGEN CONTENT OF Cast IRONS ArreR Exposure To 1472°F. 


Speci- Outside Rim Intermediate Core 
men Heat froin. Cut, Layer, %-in. Cut, Oxygen, 
No. No. Treatment Oxygen, percent Oxygen, per cent per cent 
16 B-4 Low-carbon Base Iron 3.67 2.83 1.63 
14 8925 Base Iron 3.36 3.23 2.10 
1 8193 0.47% Cr 2.61 0.27 0.04 
12 8835 0.99% Cr 2.41 0.08 0.06 
2 8757 1.51% Cr 0.28 0.05 0.09 
4 8759 1.51% Cr*® 1.22 0.04 0.07 
3 8758 1.96% Cr 0.31 0.08 0.17 
5 8760 2.02% Cr*® 0.85 0.07 0.03 


36. It is at once clear from Table 6 and Fig. 16 that the base 
iron to which no chromium additions were made contains a high 
percentage of oxygen, over 2.0 per cent by weight, even in the 
core. It had been noted in the metallographic examination that the 
‘‘metal-oxide’’ constituent actually extended into the core in this 
specimen, as illustrated in Fig. 17. The presence of 0.47 per cent 
chromium slightly reduces the oxygen content of the outside layer 
and sharply reduces the oxygen content in the intermediate layer 
and core. This is in accordance with observations that the presence 
of ‘chromium inhibits the penetration of the ‘‘metal-oxide’’ con- 
stituent. With further increase in chromium content to approxi- 
mately 1.0 per cent and above, the oxygen present in the outside 
layer progressively decreases. The intermediate layers and the 
cores show approximately constant low oxygen values after a 1.0 
per cent chromium content is reached and exceeded. It is worthy 
of note that the graphitized irons 4 and 5 show a greater amount 
of oxygen in the outer rim than irons 2 and 3, of comparable chro- 
mium content but not receiving graphitizer additions. As far as 
irons 4 and 2 are concerned, this is in accordance with the metal- 
lographie examination in which graphitized iron 4 showed a narrow 
band of metal oxide against only traces of metal oxide in the un- 
graphitized iron 2. However, it is not so clear why graphitized iron 


* Treated with graphitizer. 
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5 containing 2.02 per cent chromium should show a higher oxygen 
content at the surface than iron 2 containing 1.51 per cent chro- 
mium. Neither of these irons shows definite formation of ‘‘metal- 
oxide,’’ although some evidence is available to indicate that an oc- 
easional isolated small area of this constituent may exist at the ex- 
treme surface in both irons. The difference between irons 2 and 5, 
however, is relatively small and may lie within the range of ac- 
curacy of the methods of sampling and gas analysis. 

37. Assuming that a greater quantity of ‘‘metal-oxide’’ constit- 
uent forms in the graphitized irons due to a slightly deeper pene- 
tration of oxygen, it is still clear from the oxygen analyses that 
composition of the groundmass of the iron is more important in 
limiting internal oxidation and growth than the initial presence or 
absence of graphite flakes as avenues for penetration of oxidizing 
gases. Thus a marked decrease in the oxygen content and in pene- 
tration of the ‘‘metal-oxide’’ constituent occurs in the case of the 
graphitized iron 4 containing 1.51 per cent. chromium, as compared 
to ungraphitized iron 12 containing 0.99 per cent chromium even 
though the 1.51 per cent chromium iron originally contained more 
profuse and larger graphite flakes. 

38. The oxygen analyses of Table 6 definitely establish the fact 
that the ‘‘metal-oxide constituent contains a high percentage of 
oxygen. As would be expected, its formation also coincides with a 
drastic decrease in carbon content, as shown in Table 7. 


‘ 


Table 7 


VARIATION IN CARBON CONTENT OF Cast IRons AFTER EXPOSURE 
To 1472°F. 


Original 
Carhon Content Carbon 
- After Exposure, per cent Content 
Speci- Outside Intermediate Before 
men Heat Rim. Layer, Core, Exposure. 
No. No. Treatment py-in. Cut 1g-in. Cut per cent per cent 
16 B-4 Low-carbon Base Iron 0.1% 0.49 2.35 2.38 
14 8925 Base Iron 0.20 0.84 3.01 3.18 
1 8193 0.47% Cr 0.38 2.87 3.17 3.15 
12 8835 0.99% Cr 0.71 3.17 3.21 3.21 
2 8757 1.51% Cr 0.89 3.29 3.39 3.38 
4 8759 1.51% Cr* 1.84 3.22 3.31 3.29 
3 8758 1.96% Cr 1.16 3.21 3.29 3.33 
5 8760 2.02% Cr* 1.71 3.25 3.36 3.35 


39. Estimation of the actual oxygen content of the ‘‘metal- 
oxide’’ constituent is most readily made in the case of the unalloyed 
iron (Specimen 14). The constituent occupies approximately 50 


* Treated with graphitizer. 
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Fic. 18—CoMPARATIVE STRUCTURES OF 1.5 PER CENT CHROMIUM CAST IRONS BEFORE AND 
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Fic. 18-A—CoMPARATIVE STRUCTURES OF 2.0 PER CENT CHROMIUM CAST IRONS BEFORE AND 
AFTER EXPOSURE TO 1472°F. (ABove) Brerore Exposure. (BrLow) AFTER EXPOSURE. 
(Lert) GRAPHITIZED. (RIGHT) PLAIN. 
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per cent of the groundmass of the outer layer of this iron, as shown 
in Fig. 17, and the oxygen content of the whole layer is shown in 
Table 6 to be approximately 3.5 per cent. This would mean that 
the ‘‘metal-oxide’’ constituent itself contains approximately 7.0 
per cent oxygen. This oxygen content is lower than that of any 
‘*metal-oxide’’ 
areas actually consist of an almost submicroscopie precipitate of 


known iron oxide but the possibility exists that the 


some known ferrous oxide. Against this simple explanation is the 
fact that a diffraction pattern taken on this outside layer showed 
the presence of a crystalline material that does not correspond to 
any known oxide or silicate. The possibility of the formation of a 
silicate is also negated by the fact that the residue left, on an elec- 
trolytic separation, is mainly iron and not silicate. Therefore, at 
‘*metal-oxide’’ constituent is a fer- 
rous oxide in too fine a state of dispersion to yield a definite pat- 


least a possibility exists that the 
tern or is a compound not previously identified. 


STRUCTURE AND PHYSICAL PROPERTIES OF Cast IRONS AFTER 
PROLONGED ExposurE TO 1472°F. 


40. As noted above, the presence of approximately 0.50 per cent 
chromium prevented penetration of the ‘‘metal-oxide’’ constituent 
to the core of specimens held at 1472°F. In the irons containing 
0.50 per cent chromium or more, it is, therefore, possible to deter- 
mine structural changes in the metal proper that result from the 
prolonged exposure to this temperature. In all cases there was a 
distinct decrease in the amount of lamellar pearlite. This decrease 
appeared to result from a spheroidizing process, 1.e., the forma- 
tion of relatively large spheroids of cementite from the original 
cementite of the pearlite. The addition of graphitizing alloys to the 
irons containing 0.5 per cent and 1.0 per cent chromium appeared 
to inerease this spheroidizing action. The normal breakdown of 
these spheroids to graphite and ferrite is obviously delayed by the 
stabilizing effect of chromium. 


41. When chromium reached 1.5 per cent and 2.0 per cent 
levels, pearlite practically disappeared. This is shown in Figs. 
18 and 18-A which contrast the typical appearance of the graphi- 
tized and ungraphitized 1.5 per cent and 2.0 per cent chromium 
irons before and after their exposure for 516 hours at 1472°F. 


42. Tensile tests were made to determine to what degree chro- 
mium prevents the severe weakening and embrittling that normally 
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follow prolonged exposure of unalloyed cast iron to high tempera- 
tures. The standard cast iron tensile specimens were turned out of 
the growth bars, which had been exposed to a temperature of 
1472°F. for 516 hours. The strength after exposure is contrasted 
with the original as-cast strength of the iron in Fig. 19. 


43. It is at once clear that in the absence of chromium a very 
serious loss in strength occurs on prolonged exposure to 1472°F. 


Legena 
—— Strength of Ungraphitized Irons As Cast 
——— Strength of Ungraphitized Irons After Expesure 
O———O Strength of Graphitized Irons As Cast 
O— =O Strength of Graphitized Irons After ‘Exposure. 







Tensile Strength , 1000 Ps: 


10 1s 
Percent Chromium 


Fic. 19—StTreENGTH CHANGE OF PLAIN AND ALLoven Irons Exposep To 1472°F. 
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This loss amounts to some 62 per cent in the unalloyed base iron. 
With as little as 0.50 per cent chromium present in the irons, the 
loss is cut to 16 per cent, and with percentages of 1.0 per cent to 
2.0 per cent chromium the change in strength is negligible. 

44. There is actually a slight strength gain in the case of the 
ungraphitized irons containing 1.0 per cent and 1.5 per cent chro- 
mium*, and a slight strength decrease in the case of graphitized 1.0 
per cent to 2 per cent chromium irons. It would appear that the 
maximum strength of a 1.0 per cent to 2 per cent chromium iron 
depends on the production of a critical degree of graphitization, 
and after this is reached (as in the case of the graphitized irons) 
a slight strength loss may be recorded due to a spheroidizing or 
softening effect. That such softening has proceeded to a greater 
degree in the graphitized irons is indicated in Table 8. 


Table 8 
CHANGE IN HarpDNEss or Cast Irons PropuCcED By EXPOSURE TO 
1472°F. 
Speci- 
men Heat Chromium, Original Hardness After 
No No. Per Cent Treatment Hardness Anneal 
16 B-4 0.01 Low Carbon Base Iron 235 153 
14 8925 0.06 Base Iron 228 159 
1 8193 0.47 F.G. FeCr 217 170 
15 A-3 0.49 Alloy 3 228 174 
12 8835 0.99 F.G. FeCr $21 248 
13 8925 1.00 F.G. FeCr + Alloy 1 269 217 
2 8757 1.51 F.G. FeCr 332 269 
8 8763 1.54 Mn FeCr 364 293 
4 8759 1.51 F.G. FeCr + Alloy 1 286 217 
6 8761 1.45 F.G. FeCr + Alloy 3 302 223 
10 8765 1.48 F.G. FeCr + Alloy 3** 286 217 
3 8758 1.96 F.G. FeCr 512 340 
i) 8764 1.99 Mn FeCr 495 332 
5 8760 2.02 F.G. FeCr + Alloy 1 321 255 
7 8762 1.84 F.G. FeCr + Alloy 3 387 302 
11 8766 1.93 FeCr + Alloy 3** 364 286 


SUMMARY 


45. The present experiments have shown that by the use of 
graphitizers of the silicon-manganese-zirconium type, irons normal- 
ly white or unmachinable because of chromium contents of 1.5 per 
cent and 2.0 per cent, can be effectively softened and brought with- 
in the machinable range. This object is accomplished without ma- 


* The ungraphitized 2.0 per cent chromium tensile specimen tested after exposure, 
showed a defective break due to original center shrinkage. 
** Small ore addition. 
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terially changing the base analysis from that commonly used. This 
development would appear of primary importance as it permits 
advantage to be taken of the superior heat resistance, growth re- 
sistance, and general stability of irons containing 1.0 per cent to 
2.0 per cent chromium, without an excessive sacrifice in toughness 
and machinability. 

46. It has been found that the rate of progressive oxidation of 
east iron and the total loss in weight by oxidation are materially 
decreased with small chromium contents. For example, the rate of 
progressive oxidation at 1472°F. (800°C.) of a 1.5 per cent chro- 
mium cast iron is only about 1/5 that of an unalloyed iron, and 
its total loss in weight only about % that of an unalloyed iron after 
516 hours at test temperature. No consistent evidence has been 
found that graphitized irons differ materially in oxidation re- 
sistance from ungraphitized irons of similar chromium content. 


47. Examination of scale on the unalloyed and alloyed cast 
irons has shown that the scale becomes denser as the chromium 
content increases. This undoubtedly contributes to the increase in 
oxidation resistance exhibited by chromium-bearing irons. Analvsis 
of the scale on chromium-bearing irons shows that the ratios of 
ehromium to iron and silicon to iron are somewhat higher in the 
seale than in the original irons, this effect being most marked at 
the 1.5 per cent and 2.0 per cent chromium levels. A concentration 
of chromium and silicon at the scale-metal surface of alloy steels 
has been reported by other investigators‘. A similar concentration 
evidently occurs in alloy cast irons. The presence of chromium, 
however, as well as silicon, appears necessary to produce a decided 
concentration of silicon in the scale on east iron. 

48. The appearance and analysis of the scale were not ap- 
preciably altered by graphitizing additions. 

49. The growth of cast iron has been found to be drastically 
decreased by chromium additions. When the chromium content 
reaches 1.5 per cent only very slight growth is evident after ex- 
posure for 516 hours to 1472°F. (800°C.) and at a 2.0 per cent 
chromium level the growth is negligible in sound specimens. The 
occurrence of internal shrinkage appears to increase growth at a 
given chromium level, and the elimination of such shrinkage by 
graphitizer additions in the 2.0 per cent chromium range has been 
noted. The graphitized irons show on the average slightly less 
growth than ungraphitized irons of similar chromium content. 

50. The present tests have demonstrated that the degree of 
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oxidation and more particularly the growth of cast iron, is intimate- 
ly connected with the penetration of a ‘‘metal-oxide’’ constituent 
beneath the surface of the iron. Gas analysis of representative 
samples has shown that this ‘‘metal-oxide’’ constituent actually con- 
tains a high percentage of oxygen, but does not correspond to any 
of the recognized iron oxides. Chromium additions are effective 
in inhibiting and finally preventing penetration of this ‘‘metal- 
oxide’’ constituent even in the presence of graphite flakes. 

51. Metallographie examination has shown that the unalloyed 
base iron is gradually converted on exposure to 1472°F. (800°C.) 
to a ferrite plus ‘‘metal-oxide’’ mixture with a loss of 60 per cent of 
its original strength. Additions of chromium prevent the com- 
plete breakdown of cementite to graphite plus ferrite but do not 
prevent spheroidization of the pearlite. The presence of as little 
as 0.50 per cent chromium limits the strength loss to about 16 per 
cent, and with 1.0 per cent to 2.0 per cent chromium the change 
from the original streneth is negligible. 

52. It has been found that graphitization of 1.5 per cent and 
2.0 per cent chromium irons by special alloys such as alloys 1, 2 
and 3, improves the physical properties of the irons without produc- 
ing any detectable sacrifice in their oxidation and growth resistance. 
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DISCUSSION 


Presiding: S. C. MASSARI, Association of Manufacturers of Chilled 
Car Wheels, Chicago, III. 

Co-Chairman: R. G. MCELWEE, Vanadium Corporation of America, 
Detroit, Mich. 

G. P. PHILLIPS': Two castings in which we have used iron of this 
type are heat control valves and pre-combustion chamber cups. The 
irons used contained slightly less than 1.0 per cent chromium, with no 
other alloying elements added. 

The heat control valves, cast with chromium cast iron, have been used 
for four or five years. They are used in combination intake and exhaust 
manifolds to effect transfer of heat from exhaust gases to incoming 
gases in kerosene burning engines. Such valves cast with plain irons 
oxidize, scale and grow rapidly in service so that in a relatively short 
time the valves consist largely of iron oxide and they bind and stick in 
the manifolds and will not operate. The use of chromium iron overcame 
these troubles. 

The pre-combustion chambers are small cylindrical castings that fit in 
diesel cylinder heads between the fuel nozzle bodies and the head walls. 
They are subject to high temperatures and corrosive conditions and have 
been made from silchrome steel forgings for years. Chromium cast iron 
proved entirely satisfactory in prolonged tests of around 1500 hours in 
this service and is much less costly. 

Due to restrictions on the use of chromium, neither of these two types 
of castings is being cast with chromium iron at present but it is our in- 
tention to use it after we have won the war. 

MEMBER: Regarding the section size, how thin a casting can be made 
and still get the graphitized product? 

Mr. BurGess: The effect of the graphitizing treatment can be de- 
tected even in %-in. thick sections of the 1.5 and 2.0 per cent chromium 
cast irons. Figure 20 illustrates etched cross sections of step bars cast 
from the 1.5 per cent chromium irons 2 and 4 described in the paper. 
Brinell hardness readings obtained on the one-in., %-in., 4-in*., and %- 
in.* steps have been superimposed on this figure. The greater structural 
uniformity of bar 4, graphitized with alloy 1, is at once apparent. It can 
also be noted that the Brinell hardness is very uniform in the first three 
steps of the graphitized iron and does not exceed 300 Brinell even in the 
%4-in. step. In the %-in. step of the same bar the Brinell hardness reaches 
a maximum of 375. On the other hand, bar 2, which received no graphitiz- 
ing treatment, exhibits a hardness well in excess of 300 Brinell in the 
1g-in. step, and the full hardness of a white iron is developed in the %-in. 
and \-in. steps. It is also interesting that we observed that in a single 
step, such as the one-in. step, the hardness of the graphitized iron 4 was 
approximately constant over the whole cross section, while in the same 
step of the ungraphitized bar 2 there was considerable mottling and the 


1 Automotive Foundry Div., International Harvester Co., Chicago, III. 
* Brinell hardness on \%-in. and %-in. steps converted from Rockwell “C”’ values. 
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HEAT 8757 Heat 8759 
BAR 2 BAR 4 
TREATMENT: F.G. FeCr F.G. FeCr-+ ALLoy 1 


Fic. 20—Etcuep Cross Sections or Step Baks CAST FROM THE 1.5 Per Cent CHROMIUM 
IkONS 2 AND 4 DESCRIBED IN THE PAPER. 
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hardness actually rose to about 460 as the outer edges of the one-in. step 
were approached. 

The graphitizing effect was very similar to the above in the case of 
step bars cast from the graphitized 2 per cent chromium cast irons with 
the exception that a greater hardness approaching that of white iron was 
developed in the %-in. step. 

Co-CHAIRMAN MCELWEE: We did some work that confirms this. We 
made some cylinder blocks with as high as 2 per cent chromium and 
found no chilled edges. They were completely gray, quite hard, 300 
Brinell or thereabouts, but had no definite evidence of chill on any pan 
rail or any part of the block. Also, we found excellent recovery of 
chrome, and we found that on a fluidity test, the spiral was reduced very 
slightly. 

Mr. VANICK *: Have you had a chance to match the 6 per cent silicon- 
silal composition as against the 2 per cent chrome? Then, can you tell 
us about the mechanism of spheroidization, described in paragraphs 40 
and 41 and summarized in paragraph 51, explaining that additions of 
chromium prevent the complete breakdown of cementite to graphite but 
do not prevent spheroidization? Apparently spheroidization takes place 
under this condition of heating. 

MEssRs. BURGESS and SHRUBSALL (authors’ closure): Our thanks are 
due to Mr. McElwee for his confirmatory data. As regards Mr. Vanick’s 
question on high silicon irons, it is assumed that he refers to 2 per cent 
chromium cast irons containing 4 to 6 per cent silicon. It is possible that 
the higher silicon present in such irons may further contribute to heat 
resistance, and tests are now under way to determine whether these high- 
er silicon irons possess different properties from the normal silicon irons 
considered in the present paper. 

As regards Mr. Vanick’s question on spheroidization, it has been noted 
that although primary carbides in irons containing 1 per cent or more 
chromium are generally resistant to change when heated to moderate 
temperatures, the carbide existing as a constituent of pearlite can be 
spheroidized fairly readily. Although this effect can be partly explained 
by the normally greater tendency of small particles to spheroidize, it is 
so marked as to give rise to the belief that the primary and eutectoid 
carbides may also differ in composition. That some chromium is con- 
tained in the spheroidized pearlitic carbides, however, has been indicated 
by results on annealing the present irons and previous results on an- 
nealing malleable iron containing small amounts of chromium. In such 
malleable irons the pearlitic carbides spheroidized readily, but the sphe- 
roids did not break down completely to ferrite and graphite, as was the 
case in chromium-free malleable irons treated in the same manner. 


2 International Nickel Co., New York, N. Y. 





Report of Steel Division Committee on Radiography 


To MEMBERS OF THE STEEL DIVISION: 
Gentlemen : 


Your Radiography Committee has followed developments in the 
field of industrial radiography closely during the year (May 1941 
to April 1942). 

We believe that, because of the war effort, a number of steel 
foundries have used radiography for the first time this year as a 
routine inspection test. We also believe that the number of 
foundries using radiography has increased materially above the 
figure of 41 set forth in the radiographic questionnaire reported 
last vear in our report. 

During the year the X-ray laboratory of the (Canadian) Na- 
tional Research Council, Ottawa, prepared material on ‘‘ Foundry 
Terminology of Interest to Radiographers.’’ These terms have been 
found valuable in Canadian foundries and laboratories and they 
were forwarded to the AMERICAN Society FoR TESTING MATERIALS 
as an aid to radiographers in this country. 

Your Committee has reviewed the terminology, making certain 
changes which are in keeping with our terminology and radio- 
graphic policies and is presenting these terms to the Steel Division. 
This material will also be presented to the AMERICAN SOCIETY FOR 
Testina MaTeriA.s for consideration. It is suggested that the Steel 
Division accept the following terminology as standard methods of 
expression ° 


Group A—TypeEs or CAVITIES* 


Extended Dull Cavity—An extended dull cavity is free from 
sharp angles but drawn out so that it is more than three times as 
long as it is broad. 


Dull Cavity—A dull cavity is one that produces on the radio- 
graph an image that is free from acute external angles and is 
not more than three times as long as it is broad. 


Sharp Cavity—A sharp cavity is one that produces on the 
radiograph an image of irregular shape, characterized by sharp 
angles. 


* No distinction is made between empty cavities and those containing material of low 
(radiographic) absorption such as sand. 
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Group of Cavities—Distinction is made between isolated 
eavities and groups of cavities. A cavity is said to be isolated 
from other cavities when it is unlikely that a fracture through 
this cavity will pass through any of the other cavities. Cavities 
are said to form a group when a fracture is likely to pass through 
more than one of them. 


Chain of Cavities—Chain of cavities is a number of cavities 
distributed along a line in and parallel to the junction between 
two elementary parts of a casting (e.g., the junction between a 
web or flange and other parts of a casting). 


Small Distributed Cavities—These cavities vary in size from 
the dimensions of the metal grains down to the limits of unaided 
vision and are distributed in large numbers throughout a con- 
siderable part or the whole of the casting. They produce a 
speckled appearance on the radiographs of thin sections. The 
larger cavities produce individual images on the radiograph; 
smaller cavities cause a mottled appearance resulting from the 
superposition of large numbers of tiny holes. 


Spores—This term is suggested as a brief substitute for ‘‘small 
distributed cavities.’’ It is derived from a Greek word meaning 
‘*to sew’’ (seed), @.e., to distribute at random. The same root 
oceurs in the English word ‘‘sporadic.’’ It should be distin- 
guished from the word ‘‘ pores.’’ 


Group B—SHRINKAGE CAVITIES 


Macroshrinkage—Large, irregular cavities in the body of the 
metal, particularly in heavy sections where feeding is restricted. 
The general shape is an open dendrite with its direction parallel 
to the nearest cooling surfaces. 


Thick-Thin Shrinkage—Pipe form cavities at the junction of 
a thick with a thin section, directed along the normal to the junc- 
tion line. This defect often occurs midway between heavy bosses. 


Pipe Shrinkage—Roughly cylindrical cavities parallel to the 
direction of flow of the metal and to the cooling surfaces. 


Centerline Weaknesses (Microshrinkage or Interdendritic 
Piping )—Very small cavities occurring between the individual 
grains and usually found on the thermal centerline of the section. 
The radiographic appearance will vary from a general mottling 
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of the film to a tree-like group of interconnected sharp cavities. 


Group C—Gas CAVITIES 


Blow-Holes—Large cavities due to gas evolved from the cool- 
ing metal or trapped in the mold. They are easily recognized by 
their almost spherical shape. On sectioning, evolved gas cavities 
have a smooth untarnished surface while trapped gas is likely to 
have an oxidized surface. 


Pin Holes—Assemblies of very small round cavities near the 
surface. 


Surface Holes—lsolated pipe or rounded eavities connected 
with the surface. 


Groupe D—INcLUSIONS 


Sand Inclusions—Isolated irregular appearing cavities usually 
very near to the surface. 


Slag Inclusions—Large irregular appearing cavities elongated 
in the direction of flow of the metal. 


Group E—CraAcks 


Hot Tears—Cracks of a decidedly ragged nature with numer- 
ous branches. They have no definite line of continuity and may 
exist in groups. They may or may not terminate at the surface. 
Small cavities from which these tears radiate may be found as- 
sociated with them. 


Cracks—Fissures that are usually continuous throughout their 
length. They usually exist singly and terminate at the surface. 


Committez E-7 of the AMERICAN Society For TESTING MATERIALS 
has not accomplished anything of interest to foundrymen during 
the past year. The Committee had plans for the publication of the 
Navy radiographic standards for gamma ray radiography but they 
have not been published. We have been advised, however, that a 
new set of standards will be issued by the Bureau cf Ships in the 
near future. 

The Bureau of Ships, Navy Department, has out a new prelimi- 
nary draft on general specifications for Inspection of Material, 
Appendix I[—Metals, Part F—Radiography, Section F-1, Defini- 
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tions and Radiographic Requirements, March 1, 1942. 

During the year articles on radiography have appeared in va- 
rious technical publications. Those that may be applicable to radi- 
ographers in the steel casting industry are listed. 

An article by H. F. Kaiser' describes an ingenious design 
for a metal shipping container for radium for use in radiography. 
Steel, tungsten powder, mercury and plastics are used in its con- 
struction. 

In a paper by Zucker and Sampson’ there is described a portable, 
rugged, direct reading X-ray intensity meter that requires little 
maintenance and may be inexpensively constructed. Another ar- 
ticle’ was presented to show the use of the million-volt X-ray equip- 
ment. The more important features of the equipment are discussed. 

D. M. MeCutcheon‘ discusses the use of the million-volt X-ray 
machine on castings at the Ford Motor Company. These units pro- 
duce useful X-ray radiation with applied voltages of from 5,000 to 
1,000,000 volts. 

An interesting article by A. J. Moses® presents developments and 
improvements of industrial X-ray apparatus. The million-volt 
X-ray equipment is described. 

A paper presented by L. F'. Curtiss’ discusses protection of per- 
sonnel handling radium. Mr. Curtiss shows photographs and ex- 
plains the operation of a commercial instrument which indicates 
amount of gamma ray exposure. Details of the warning circuit to 
indicate excessive exposure are shown. 

In an article by Kaiser, Friedman and Hafner’ there is pre- 
sented the minimum distance requirements in the gamma ray radi- 
ography of one and 3-in. steel sections. Various. amounts of radium 
are used in obtaining minimum distances. 

A study was made* of thin intensifying screens for the purpose 
of obtaining duplicate X-ray radiographs of nearly equal densities 
in ranges of from 75 to 225 kv. Data are presented on flexible and 
durable metallic sereens. 


Respectfully submitted, 


COMMITTEE ON RADIOGRAPHY 


C. W. Briaas, Chairman W. C. HamILton 
J. J. CURRAN G. F. LAnperar 
WERNER FINSTER E. W. Pace 

R. H. Frank A. P. SPoonER 


1 Superior numbers refer to References. 
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Effects of Superheating, Pouring Temperatures and 
Microstructure on the Elastic Properties 
of Some Plain and Alloy Cast Irons 


By A. I. Krynitsky* anp C. M. Saraer, Jr..* Wasninaton, D. C. 


Abstract 


Transverse strength properties were determined on 1.2- 
in. diameter test bars made from three types of alloy tron 
heated before casting to the maximum temperatures of 
1400°, 1500°, 1600° and 1700°C. (2550°, 2730°, 2910° 
and 3090°F.). The bars were vertically cast, bottom 
poured in green sand molds, at a temperature 100°, 150°, 
200° or 250°C. (210°, 300°, 390°, 480°F.) above the liq- 
uidus. Total, plastic, and elastic deflection, modulus 

of rupture, relative moduli of elasticity, and total 
plastic and elastic resilience were determined and the 
microstructure of the test bars was examined. Compara- 
tive values of four different relative moduli of elasticity 
relating to the same test bars but calculated by different 
methods are discussed. Comparison of transverse test 
properties of alloy and plain cast irons is made. 


INTRODUCTION 


1. A knowledge of the elastic properties of cast iron is important 
for its use in structural parts, such as piston rings, cylinder liners, 
ete. The present investigation is an extension to three types of 
alloy cast iron of a previous study' of the elastic properties of 
three types of plain cast iron. The same procedure of melting and 
casting and the same methods of testing as those described in the 
previous paper were employed. 


Score OF INVESTIGATION 
2. The research consisted in making transverse test bars 1.2-in. 
* Associate Metallurgist and Physicist, respectively, National Bureau of Standards. 
1 Superior figures indicate the literature references at the end of this paper. 
Notre: This paper was presented at a Gray Iron Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 24, 1942. 
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in diameter and 21-in. in length and testing these for transverse 
strength, deflection, Brinell hardness and microstructure. <A uni- 
versal testing machine of the hydraulic type of 50,000 Ib. capacity 


was used for transverse tests. 


Merauts Usep 

3. Three types of alloy cast irons were selected for this investi- 
gation: Iron ‘‘L,’’ a nickel-molybdenum high-silicon iron; Iron 
‘*M,’’ a nickel-molybdenum-chromium, low-manganese, medium- 
silicon iron; and Iron ‘‘N,’’ a nickel-molybdenum-chromium, high- 
manganese, high-silicon iron. The stock pig irons B and C (Table 
1), wsed in the previous investigation, were also employed in the 
present study. Stock iron B was employed in making heats of 
irons M and N, while stock iron C was employed for making heats 
of iron L. 


Table 1 


CHEMICAL ANALYSIS OF StocK Pia IRON 


Iron Total Silicon, Manganese, Phosphorus, Sulphur, 
Carbon, percent percent percent percent 
percent 

B 3.79 1.40 0.63 0.181 0.062 
C 3.44 2.43 0.77 0.395 0.050 


FOUNDRY PROCEDURE 


4. The foundry technique was similar to that used in the pre- 
vious investigation. 


Preparation of Mold 

5. Molds for transverse test bars were made of a mixture of 8 
parts molding sand and 1 part sea coal, tempered to approximately 
7 percent moisture. The mold cavities were faced with non-graph- 
itiec, earbonaceous material of commercial origin’ of the foliowing 
approximate analysis: Volatile matter, 4.0 per cent; Fixed carbon, 
74.0 per cent; Ash, 22.0 per cent. The bars were bottom poured in 
groups of four in a three-part, vertical flask and each flask con- 
tained two groups, i.e., eight bars. 


Melting 

6. Charges of 230 to 250 lb. of iron, in a commercial magnesia 
crucible, were melted in a high-frequency, induction furnace of 
the tilting type. 





3 
5 
4 
: 
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7. When the charge of stock iron was melted, the metal was 
slagged off and necessary additions were made. First, open- 
hearth ingot iron was charged into the melt and then other elements 
were added. Nickel was added in the form of nickel shot, whereas 
silicon, manganese, chromium and molybdenum were added in the 
form of their respective ferro-alloys. The major portion of the 
ferrosilicon (about two-thirds of the total amount) was added 
after all other additions had been made. The elapsed time between 
the last addition of ferrosilicon and the pouring of a group 
of transverse tests bars, varied from about 4 min. to 1 hr., depend- 
ing upon the maximum heating and pouring temperatures em- 
ployed. 


Temperatures Used and Their Measurement 

8. Each melt was heated to a predetermined maximum tem- 
perature of 1400°, 1500°, 1600°, or 1700°C. (2550°, 2730°, 2910°, or 
3090°F.). Each group of four bars was cast as a unit at a 
predetermined pouring temperature, of 100°, 150°, 200° or 250°C. 
(210°, 300°, 390° or 480°F.), above the liquidus temperature 
of the iron investigated. Temperatures up to 1600°C. (2910°F.) were 
measured by a platinum to platinum-rhodium thermocouple and 
temperatures above 1600°C. (2910°F.) by an optical pyrometer. 
To determine the corrections to be applied to the readings of the 
optical pyrometer under these conditions, observations were taken 
simultaneously with both the thermocouple and the optical py- 
rometer in the temperature range of 1400° to 1550°C. (2550 to 
2820°F.). These corrections were then plotted as a function of the 
temperature, and the curve extended up to 1700°C. (3090°F.). 
The thermocouple assembly used in measuring temperatures of 
molten cast iron was described in a previous paper *. 


GENERAL REMARKS CONCERNING COMPOSITION OF TRANSVERSE 
Test Bars 


9. After completing the transverse tests, the bars were sampled 
for chemical analysis. The analytical data are summarized in 
Table 2. Since the variation in pouring temperature did not ap- 
preciably affect the composition of heats, these data refer to the 
heats made at different maximum heating temperatures, pouring 
temperature being constant. 


10. The most consistent results were obtained with iron ‘‘L,’’ 
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whereas a considerable fluctuation in composition was noticed for 
irons ‘‘M’’ and ‘‘N,’’ particularly in the silicon content. 


DETERMINATION OF PROPERTIES 


11. The term ‘‘elastic properties’’ in this paper connotes those 
complex properties that determine the behavior of cast iron under 
load and, more specifically, under transverse bending load. 


Deflection 
12. It is well known that the determination of the elastic 
properties of cast iron is complicated by the fact that even low 


stresses produce plastic as well as elastic deformation. 


13. The method used by the National Bureau of Standards to 
measure deflection in cast iron bars has been described else- 
where’ *. A brief outline for the reader’s convenience is as 
follows: As shown in Fig. 1, a rubber band B is stretched 
tightly along the length of the bar A and is held in position by 
two clamps C. Metal strips on the inner surface of the clamps 
keep the rubber band near to, but not in contact with, the sur- 
face ‘of the bar at all times. The 18-in. spacing between the two 
clamps is the same as that between the supports for the bar in 
the testing machine. A small piece of paper D is cemented to 
the surface of the bar midway between the clamps C, and the 


upper edge of this piece of paper serves as a reference mark. 


14. In conducting the test, the bar is placed in the testing ma 





Fic. 1—APPARATUS FOR MEASURING DEFLECTION oF CAST IRON BARS UNDER TRANSVERSE 
LOADING. A Cast Iron Bar; B RuBBER BAND; C — CLAMPS; D REFERENCE MARK ; 
E MICROMETER TELESCOPE. 
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Fic. 2—Test BAR MOUNTED IN THE 50,000 LB. TESTING MACHINE. MICROMETER-TELESCOPE 
Support Is INDEPENDENT OF THE TESTING MACHINE. 


chine (Fig. 2) and a micrometer-telescope (EK, Fig. 1) mounted 
at a distance of 20-in. from the bar, is used to measure the dis- 
tance between the lower edge of the rubber band and the refer- 
ence mark. The rubber band, clamped to the bar at the two 
supports, remains practically straight so that the displacement 
of the reference mark relative to the band is a measure of the 
center deflection of the loaded bar. A similar measurement 
after the load has been removed indicates the permanent set 
at the center. 

15. After a test bar A was mounted in the testing machine 
and adjusted until the rubber band B was in the horizontal 
plane through the neutral axis of the bar, a load of 50 lb. was 
applied and the distance between the lower edge of the rubber 
band and the reference mark was determined and used as the 
zero reading. This load was sufficient to seat the bar firmly. 
The deflection of the -bar was then measured as it was loaded 
in a series of steps of 100 or 200 lb. each. After the load had 
reached 1000 lb. each application of load was followed by un- 
loading to the original 50 lb. load, and tke permanent set in the 
unloaded bar was determined. 
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“é ” 


16. The total deflection at the breaking load and the ‘‘set 
of each bar under increasing step loadings were determined and 
the elastic deflection was taken as the difference between the 
total and the plastic deflection for each load. In each group of 
four bars (poured at the same temperature), two were tested 
by the step loading and unloading method while the two com- 
panion bars were progressively loaded to failure, without un- 
loading between successive loads. No difference in the breaking 
loads and the load-deflection curves, which could be ascribed to 
the mode of loading, was observed. 

17. As shown in Table 3, there is no definite relation between 
the ultimate total, as well as ultimate elastic deflections, and maxi- 
mum heating and pouring temperatures. The ultimate total, elastic 
and plastic deflections are considerably higher for irons ‘‘M’’ and 
‘‘N”’ than for iron ‘‘L.’’ From Table 3 and the data obtained in 
the previous investigation, it may be noted that the ultimate total, 
elastic and plastic deflections for plain irons (irons ‘‘A,’’ ‘‘B,”’ 
and ‘‘C’’) and alloy irons (irons ‘‘L,’’ ‘‘M,’’ and ‘‘N’’) range as 
shown in Table 4. 


Table 4 


ULTIMATE DEFLECTIONS AND PROPORTION OF PLASTIC DEFLECTION 
tro ToTAL DEFLECTION AT FRACTURE FOR ALLOY 
AND PLAIN Cast IRONS 


Alloy Irons Plain Lrons 
L M N A” B* Cc* 


Ultimate Deflection, in. 


Total 0.21-0.26 0.30-0.36 0.30-0.37 0.18-0.24 0.25-0.30 0.20-0.28 
Elastic 0.18-0.21 0.23-0.26 0.23-0.28 0.15-0.18 0.17-0.19 0.16-0.21 
Plastic 0.02-0.05 0.07-0.10 0.07-0.09 0.03-0.06 0.08-0.11 0.04-0.07 


Proportion of Plastic Deflection to Total Deflection at Fracture, percent 


9 to 23 to 23 to 17.0 to 32.0 to 20.0 to 
19 28 24 25.0 oT 25.0 


18. Table 4 indicates that the ultimate elastic deflections ob- 
tained for alloy iron ‘‘L”’ are practically equivalent to those of 
plain irons ‘‘A,’’ ‘‘B,’’ and ‘‘C.’’ However, the total plastic 
deflection of alloy iron ‘‘L’’ was somewhat inferior to those of the 


*Iron “A” contains: Total Carbon, 3.44 percent; Silicon, 1.40 percent; Manganese, 
0.15 percent; phosphorus, 0.46 percent; Sulphur, 0.02 percent. Chemical analyses of 
irons “B" and “C” are given in Table 1. 











A. I. KRYNITSKY AND C, M. SAEGER, JR. 459 


plain irons “‘B’’ and ‘‘C.’’ The highest values of total and 
elastic deflections were observed for alloy irons ‘‘M’’ and ‘‘N,’’ 
whereas the highest values of plastic deflection were associated 
with plain iron ‘‘B.’’ If the proportion of plastic deflection to the 
total deflection at fracture is considered as an index of rigidity of 
east iron, then iron ‘‘L’’ is the most rigid and iron ‘‘B’’ the least 
rigid. The rigidities of irons ‘*M,’’ ‘‘N,’’ ‘‘A,’’ and ‘‘C”’ are al- 
most equal. 


19. All the results of this investigation confirm the conclusions 
drawn from the previous study’ with regard to the total, plastic 
and elastic deflection curves obtained by the method just described, 
i.e., the total and plastic deflection curves are continuous curves in- 
clining progressively toward the deflection axis. The elastic-deflec- 
tion curve is a straight line in its lower portion, but at approximate- 
ly 3/5 of the breaking load, it inclines toward the deflection axis. 
Typical load-deflection curves for the irons investigated are shown 
in Fig. 3. 

20. All transverse tests were made with a universal testing ma- 
chine of the hydraulic type of 50,000 Ib. capacity, the rate of load- 
ing corresponding to 0.12-in. per min. travel of the free cross-head 
of the testing machine. According to an A. 8. T. M. specification’, 
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Fic. 3—Typicat PLastic, ELASTIC AND TOTAL-DEFLECTION CURVES OF IRONS 
“L.” “M,” anp “N.” 
* American Society for Testing Materials Specification E4-36, 1939 Book of Standards, 
part 1, page 774. 
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the error for loads within the loading range of a testing machine 
shall not exceed 1 percent. Since the error of the machine for loads 
smaller than 1000 lb. exceeds 1 percent, only the total deflections 
were measured at the loads of 400, 600, 800, 1000 lb., ete. and no 
plastic and elastic deflections were determined at loads less than 
1000 lb. Consequently, curves corresponding to the loads below 
1000 lb. are not shown in Fig. 3. It may be stated, however, that in 
most of the cases observed, the initial portions of the load-total de- 
flection diagrams (for loads of 200 to 1000 lb.) appeared to be 
continuous, smooth curves. This was particularly true of the alloy 
1rons. 


TRANSVERSE STRENGTH 


21. It may be noted in Table 3 that the transverse breaking 
strengths for iron ‘‘L’’ range from 2310 to 2830 Ib., iron ‘‘M’’ from 
2980 to 3470 Ib., and iron ‘‘N’’ from 3200 to 4060 lb. In accordance 
with A. S. T. M. elassification*, these irons would fall in the fol- 
lowing classes: Iron ‘‘L,’’ 35-40; iron ‘‘M,’’ 50; and iron ‘‘N,”’ 
50-60 or higher. 


22. The higher strength of irons ‘‘M’’ and ‘‘N,’’ as compared 
with iron ‘‘L,’’ probably is due to their higher nickel content and 
more particularly to the presence of chromium. The low-carbon, 
high manganese and molybdenum contents of iron ‘‘N’’ appear to 
account for the higher strength as compared to iron ‘‘M.’’ This 
high strength was obtained in spite of the higher silicon content 
present in iron ‘‘N.’’ 


Mopuuus or RuPTURE 


23. As shown in Fig. 4, the maximum heating temperature had 
no effect on the modulus of rupture of irons ‘‘L’’ and ‘‘M,’’ but 
the modulus of iron ‘‘N’’ was found to be somewhat higher for the 
maximum heating temperature of 1600° and 1700°C. (2910° and 
3090° F.), than for 1400° and 1500°C. (2550° and 2730° F.). In 
general, however, lower pouring temperatures ranging from 100° 
to 150°C. above the liquidus tend to produce stronger irons. 


24. It is very probable that the effect of maximum heating tem- 
perature on the physical properties of these irons was, to a certain 


* American Society for Testing Materials Specifications A 48-36, A. S. T. M. Book of 
Standards, 1939, part 1, pp. 482-4583. 
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Fic. 4—EFFrecT OF MAXIMUM HEATING AND POURING TEMPERATURES ON THE MODULUS OF 
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degree, masked by the variation in chemical analysis and the time 
of making the last addition of silicon to the melt before pouring. 

25. In comparing the transverse strength of alloy irons with 
those of plain irons ‘‘A,’’ ‘‘B,’’ and ‘‘C,’’ previously studied, it 
may be stated that the strongest plain iron ‘‘A’’ is equivalent to 
the nickel-molybdenum iron ‘‘L.’’ The beneficial effect of increas- 
ing the maximum heating temperature on the transverse strength 
was more pronounced for plain irons than for alloy irons. 

26. The effect of pouring temperature for both types of iron 
was about the same, 7.e., transverse strength tended to increase 
with a decrease of pouring temperature. 


RELATIVE Mopuuus or ELASTICITY 


27. In the American Foundrymen’s Association Cast Metals 
Handbook, the term ‘‘modulus of elasticity,’’ as applied to gray 
iron, generally means the relative stiffness of the iron under the 
particular conditions of loading. In the previous and in this in- 
vestigation, the term ‘‘relative modulus of elasticity’’ is used in 
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place of ‘‘modulus of elasticity.’’ Different relative moduli of 
elasticity were calculated from the data obtained in this investi- 
gation : 

E,—Relative modulus computed by simple beam theory from 
slope of straight line through elastic load-deflection curve 
at 1200 lb. 

E,(S)—Relative modulus computed from slope of secant to 
load-total deflection curve at 1200 lb. 

E.—Relative modulus computed from slope of secant through 

elastic load-deflection curve at failure. 

E.,(S)—Relative modulus computed from slope of secant to 
load-total deflection curve at failure. 

28. The average values of different moduli of elasticity of irons 
““T,,’? **M,’’ and ‘‘N”’ obtained at different maximum heating and 
pouring temperatures are given in Table 5. In order to compare 
the different moduli of elasticity, values corresponding to 1350°C. 
(2460°F.) pouring temperature are plotted for different maxi- 
mum heating temperatures (Fig. 5). 

29. From the figures, it may be observed that the relative mod- 
uli of elasticity are arranged according to their numerical values 
in the following order: the values for E, are the highest and for 
E,(S) the lowest; E, and E,(S) values are comparatively close 
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Fic. 5—CoMPARATIVE VALUES OF MopuULI oF ELAstTicity oF Irons “L,” “M,” AND “N” 
CALCULATED BY DIFFERENT METHODs. 
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together. In general, there is a small difference between E,, E, 
and E,(S) values, but E,(S) is considerably lower. When a sim- 
ilar plotting is made for four different moduli of elasticity of the 
plain irons ‘‘A,’’ ‘‘B,’’ and ‘‘C,’’ previously investigated, the 
results obtained are similar to those just described for the alloy 


irons. 


30. As has been mentioned, in the determination of the relative 
moduli of elasticity E, and E,, it is necessary to define complete 
load deflection curves by means of step-wise loading and unloading. 
This is a rather tedious procedure and requires a great deal of 
time. It was thought, therefore, that the determination of the 
relative modulus of elasticity would be simplified if a definite re- 
lation could be established between the relative modulus of elasticity 
E, and relative secant modulus of elasticity E,(S) computed for 
the same load. With this thought in mind, calculations were made 
to determine the ratios between moduli E, and E,(S) for all 
transverse test bars investigated, the load of 1200 lb. being adopted 
as a minimum load for these calculations. The data obtained in- 


dicate that the aC) ratios were around 1.060. 
31. It seems, therefore, that for practical purposes for the irons 
investigated, it may be assumed that 
E,—E,(S) x 1.060. 
It has been found, however, that this assumption can be applied 
only to the group of alloy irons under present study. When sim- 


ilar calculations were made for the plain irons ‘‘A,’’ ‘‘B,’’ and 





‘*C,”’ previously reported, it was observed that the ratios 


E, 
E, (8) 
were quite different and extremely irregular. 

32. In Fig. 6 these ratios are plotted for the transverse test 
bars of both plain and alloy irons against moduli E,. It may be 


seen that most ratios of alloy irons approach very close 


E, 

to the value 1.060, whereas the same ratios applied to plain 
irons give widely scattered values. It already has been mentioned 
that for the testing machine used in this and previous investiga- 
tions, the initial portion (for loads less than 1000 lb.) of the load- 
total deflection diagram cannot be regarded as accurate. On the 
other hand, the statement has been made that actually these initial 
portions of most diagrams appeared to be continuous smooth curves. 
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Fic. €6—RELATION OF E /E,(S) AND RELATIVE MopuLus or ELvasticity, E., FOR PLAIN 
AND ALLoy CAST IRONS. 


In view of this fact it was thought that an approximate relation- 
ship can probably be obtained between the initial slope of these 
curves and the modulus E, if the tangent of angle a, at which the 
initial portion of the load-total deflection curve is inclined at its 
origin towards the deflection axis, is plotted* against modulus FE). 
Thus, the angles a of the continuous, smooth curves obtained for 
the transverse test bars of plain and alloy irons were measured by 
means of a protractor and tangents of these angles were plotted 
against moduli E 


. (Fig. 7 


33. The highest values of E, were obtained with iron ‘‘N”’ 


heated to a maximum temperature of 1700°C. (3090°F.), but in 
general (Fig. 8), no definite relation was established between E, 
and the. maximum heating temperature, whereas for the plain 
irons, there was a tendency for the values of E, to increase with 
increasing maximum heating temperature. 


9 


34. Effect of pouring temperature was practically the same for 
both alloy and plain irons, 7.e., usually there was a decrease in E, 


* Method of plotting adopted after Professor Carl Benedicks, “Om de fasta iosnin- 
garnas elasticitet,"”’ JERNKONTORETS ANNALER, vol. 124, p. 225 (1940). Also the elastic 
modulus of solid solutions, THE MeTALLURGIST, June 27, 1941, p. 20. 
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Fic. 7—RELATION OF TANGENT a TO RELATIVE MopULUsS oF ELAstTicity, E,, FOR PLAIN 


AND ALLOY Cast IRONS. 


v 


values with increase in pouring temperatures. When comparing 
the moduli E, of alloy irons ‘‘L,’’ ‘‘M,’’ and ‘‘N’’ with those of 
plain irons, it may be noted that moduli E, of alloy irons corre- 
spond to those of plain iron ‘‘A,’’ heated to the maximum tempera- 
tures of 1400°, 1500°, and 1600°C. (2550°, 2730° and 2910°F.). 
However, the moduli of alloy irons are lower than moduli of iron 
‘‘A’’ heated to maximum temperature of 1700°C, (3090°F.). 


RESILIENCE 


35. In agreement with common practice for cast iron, the term 
‘‘resilience’’ is used in this paper to denote the work done in load- 
ing the specimen. The following resilience values are discussed : 

W,—Ultimate total resilience obtained by measuring plani- 
metrically the area below the load-total deflection curve and be- 
tween the origin and the ordinate drawn to the deflection curve 
at the point of rupture. 


W.—Ultimate triangular resilience, represented by a triangular 
area below a straight line drawn from the origin and the point of 
rupture on the load-total deflection curve. It is obvious that tri- 
angular resilience only approximates the true resilience and the 
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degree of approximation decreases as the curvature of the load- 
total deflection curve increases. 

W,— Ultimate elastic resilience was determined by calculating 
the triangular area below the ultimate-elastic-deflection curve on 
the assumption that this curve is a straight line. In view of the 
fact that ultimate-elastic-deflection curves deviate but slightly 
from a straight line, this assumption is permissible. 

W,—Ultimate plastic resilience. These resilience values were 
obtained by subtracting W,, values from those of W,. 

36. The average values of W, and W,, as well as the 
ratios of 7 expressed in percentage of W,, for each group of 
bars cast at the same pouring temperature, are shown in Table 6. 
This table indicates that all these values are considerably lower 
for iron ‘‘L’’ than for irons ‘‘M’’ and ‘‘N.’’ The ultimate total 
resilience values range as follows: for iron ‘‘L,’’ from 304 to 385 
in.-lb.; iron ‘‘M,’’ from 492 to 722 in.-lb.; and iron ‘‘N,’’ 510 to 
880 in.-lb. 
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Fic. 8—Errect oF MAXIMUM HEATING AND POURING TEMPERATURE ON THE RELATIVE 

Moputus or ELasticity oF Irons “L,” “M,” anp “N.” A-— Maximum HEatinc Tem- 

PERATURE 1400°C. (2550°F.) ; B— MAXIMUM HEATING TEMPERATURE 1500°C. (2730°F.) ; 
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PERATURE 1700°C. (3090°F.). 
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37. When drawing a comparison between alloy and plain irons 
it may be observed that plain iron ‘*.A,’’ which showed total resili 
ence values from 220 to 375 in.-lb., approaches alloy iron ‘*L.”’ 
Neither maximum heating nor pouring temperatures seem to have 
a considerable influence on these properties for irons ‘‘L’’ and 
‘*M.’’ However, a considerable improvement in these properties 
was observed for iron *‘N’’ when a lower range of pouring tem- 
peratures (1300-1350°C. or 2370°-2460°F.) was employed. When 
comparing all bars tested in this investigation, it may be noticed 
that iron ‘‘N’’ heated to the maximum temperature of 1600°C. 

2910 F.) and east at pouring temperatures ranging from 1300° to 
13850°C. (2370° to 2460°F.) possessed the highest values of W, 
and W,. 

38. In connection with this observation, it may be recalled that 
for plain irons the effect of maximum heating and pouring tem- 
peratures was observed only for iron ‘‘ A,’’ in which case there was 
a pronounced decrease in resilience with increasing pouring tem- 
peratures. An inerease in resilience with increasing maximum 
heating temperature was particularly evident in the bars of that 
iron poured at 1350°C. (2460°F. 

39. According to data compiled by Tucker,’ neither the break- 
ing load, deflection, nor resilience values gave reliable indications 
of the resistance to thermal shock, but the plastic resilience, ex- 
pressed in percentage of the total resilience, furnished a measure 
of the relative toughness of his irons. From this viewpoint, irons 
‘*M’’ and ‘‘N’’ should be more resistant to thermal shock than 
iron ‘‘L.’’ None of these irons, however, is superior in this re- 
spect to the plain irons, previously examined. Actually all of 
them are inferior to a medium cylinder iron ‘‘B,’’ whose plastic 
to total resilience ratios ranged from 42 to 49 percent. 

40. It is well known that silicon has a great effect on the phys- 
ical properties of cast iron in general. In his work on the influ- 
ence of phosphorus on iron, MacKenzie’ plotted the ultimate totai 
deflection values against the carbon content plus one-fourth of the 
silicon content and found that there was an increase of deflection 
with an increase of C + Si/4 values. His diagram indicated that 
deflection depends more on C + Si/4 values than on phosphorus 
content’. 

41. An attempt was made by the present writers in their pre- 
vious paper! to find whether a corresponding relation to C +- Si/4 
content may be shown for the ultimate total resilience values. Al- 
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Fic. 9—RELATION OF TOTAL RESILIENCE TO CARBON AND SILICON CONTENTS. 


though a probable trend of the plotted points was outlined, it was 
found that the results obtained did not warrant any definite con- 
clusion. 

42. In the present investigation the values C + Si/4 for 
irons ‘‘L,’’ ‘‘M,’’ and ‘‘N’’ were plotted against W,, Ws; and W,. 
Although the plotted points are widely scattered, nevertheless, as 
may be seen in Fig. 9, there is a definite trend for the ultimate total 
resilience to increase with a decrease of C + Si/4 values. A sim- 
ilar relation has been found for the ultimate plastic and elastic 
resiliences. 

43. Another interesting relation for the resilience values has 
been demonstrated by MacKenzie’ for 1.2 by 18-in. bars tested 
transversely. The ratios of true resilience to triangular resilience 
were compared with ratios of modulus of elasticity at % load to 
ultimate modulus of elasticity. He showed that these ratios, when 
plotted on a logarithmic scale, were almost directly proportional to 
each other. It should be noted that in MacKenzie’s experiments 
both modulus of elasticity at 1% load and ultimate modulus of 
elasticity were ‘‘secant moduli.’’ 





’ 
44. In the present investigation, the ratios Le were plotted 
42\% 


y 


(Fig. 10) against ratios u 





+ 
9 


the same distribution of the points as a logarithmic plot since the 
coordinates of the points are not far different from unity. Since 
E, is nearly equal to E,(S) (Fig. 5) nearly the same relation was 


on linear seale; this gives roughly 
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: ; . E,(S) E> 5,(S) , 
obtained for the ratios —'-—- and ———-.. Both —4 (Fig. 10 

E.(S) E2(S) bo (S ) 
and Ey _ tended to increase with increasing values of Ww, 
E.(S) Wo 


HARDNESS 


45. Brinell hardness numbers were determined on dises 34-in. 
thick, cut from the tested transverse bars adjacent to the fracture. 
Three impressions were made on each dise; one near the center and 
two at points midway between the center and periphery. Two 
diameters were measured for each indentation and the average of 
these six readings was used as the hardness number of a given 
specimen. 

46. The Brinell numbers for the irons examined were as fol 
lows : 

Iron “L,” 217 to 2565. 
Iron “M,” 255 to 269. 
Iron “N,” 302 to 341. 

47. No consistent relation was observed between the Brinell 
number and the transverse strength, maximum heating or pouring 
temperatures. 


Microscopic EXAMINATION 


48. After the hardness was determined on one side of a dise, 
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Fic. 11—Iron “L”—MAXIMUM TEMPERATURE FOR “A” AND “B”’—1500°C. (2730°F.) ; “C”’ 


AND “D,” 1700°C. (3090°F.). Pourtnc TemMperaATuRE FoR “A” AND “B,” 1400°C. 
(2550°F.); “C” AND “D,” 1300°C. (2370°F.). MopuLus or Rupture For “A” AND “B,” 
61,000 LB. PRR SQ. IN.; “C” AND “D,” 76,000 LB. PER SQ. IN. E 16.0x106 LB. PER SQ. IN. 
FoR “A’’ AND “B" AND 17.7x106 LB. PBR SQ. IN. FoR “C’’ AND “D.”” BRINELL HARDNESS 
NUMBERS FOR “A’’ AND “B,” 229; “C” aNnp “D,” 241. “A” aANpb “C,” UNETCHED MAG- 


IFICATION, x100; “B" AND “D,”’ UNETCHED MAGNIFICATION, x500. 
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Fic. 12—IrRonN “M’’-—MAXIMUM TEMPERATURE FoR “A” AND “B,” 1500°C. (2730°F.); 
“C” AND “D,” 1600°C. (2910°F.). PourRING TEMPERATURE For “A,” “B,” “C” ano “D,” 
350°C. (2460°F.). MopuLus or Rupturr For “A"’ AND “B,” 78,000 LB. PER SQ. IN,; “C” 
AND “D,” 93,000 LB. PER 83Q. IN. E, - 16.0x106 LB. PER SQ. IN. FoR “A’’ AND “B” AND 
17.0x106 LB. PER SQ. IN. FoR “C”’ AND “D."" BRINELL HARDNESS NUMBER FOR “A,” “B,” 


“C” aND “D,” 255. “A” AND “C,”” UNETCHED MAGNIFICATION, x100; “B" AND “D,” 





ETCHED MAGNIPICATION, x500. 
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the opposite side (adjacent to the fracture) was ground, lapped 
on a lead-tin plate charged with fine emery, further lapped on a 
second plate charged with finer emery, and finally polished with 
an aqueous suspension of rouge, in an automatic polishing machine. 
Before final etching, the specimens were subjected to alternate 
polishing and etching operations. All specimens were examined 
microscopically as polished and as etched with 1 percent solution 
of nitric acid in ethyl aleohol. The micrographs described below 
represent typical structures of the irons. 

49. Figure 11 indicates that, of two transverse bars of iron 
‘L,’’ the bar possessing greater strength and hardness shows some- 
what less ferrite, finer graphite and more pronounced dendrites. 
The total and combined carbon contents for the stronger bars were 
3.24 and 0.60 percent, respectively, and for the companion bar 3.34 
and 0.56 percent. Molybdenum and nickel contents were around 
0.75 and 1.05 percent, respectively. The austenite-pearlite trans- 
formation has not been suppressed. Both bars were poured at low 
temperatures. It is evident, therefore, that the difference observed 
in this case is an effect of the maximum heating temperature. 


50. Figure 12 represents iron ‘‘M.’’ Here again, the finer 
graphite and more pronounced dendritic structures were associated 
with greater transverse strength. When etched and examined at 
lower magnification, this specimen exhibits long dendrites extend- 
ing in a radial direction almost to the center of the specimen, the 
dendrites of the companion specimen being much shorter and less 
in number. The matrix of these specimens consists of coarse pearl- 
ite and the so-called ‘‘acicular struecture’’ with islands of fine 
pearlite. 


51. It has been shown by various investigators** ' that an 
addition of molybdenum to cast iron reduces the rate of trans- 
formation of austenite and causes the appearance of a peculiar 
‘‘aecicular’’ structure. This structure has been called acicular pearl- 
ite, acicular troostite or acicular ferrite. It may be also called 
‘‘pseudomartensite.’’ In subsequent discussion, this structure for 
convenience will be designated as ‘‘acicular’’ structure. Two inelu- 
sions (Fig. 12D), presumably ‘‘manganese sulphide,’’ apparently 
served as nuclei of the graphite formations within fine pearlite 
areas. 


ro 


52. In spite of a rather small difference between the mechanical 
properties of two transverse test bars of iron ‘‘N,’’ a considerable 
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Fic. 13—Iron “_N”—MaximuM TEMPERATURE, 1400°C. (2550°F.). Pourtnc TemMPEeRATURE 

For “A” AND “B,” 1400°C. (2550°F.); “C” anp “D,” 1350°C. (2460°F.). MopuLus or 

Rupture For “A” AND “B,” 86,400 LB. PER SQ. IN.; “C”AND “D,” 99,300 LB. PER SQ. IN. 

E, = 17.9x106 LB. PER Sq. IN. FoR “A” AND “B” AND 17.6x106 LB. PER SQ. IN. FoR “C”’ 

AND “D,” BRINELL HaxpNess NumsBers ror “A” AND “B,” 311; “C” anp “D,” 302. 

“A” anpd “C,” UNETCHED MAGNIFICATION, x100; “B” anp “D,” Etcnep MAGNIPFICA- 
TION, x500. 
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difference was observed in their structures (Figs. 13 and 14). Finer 
graphite globules and flakes are associated with a somewhat strong- 
er bar (Fig. 13, C and D). It may also be observed that the higher 
Brinell number and relative modulus of elasticity were obtained 
with the bar possessing larger graphite nodules. Both specimens 
exhibited dendritic structures. The grayish-white areas (Fig. 13D), 
representing the midribs and branches of the dendrites, appear at 
higher magnification (Fig. 14C) as austenite at the initial stage of 
its transformation. A spot showing laminar graphite surrounding 
small erystals of manganese sulphide (Fig. 13D) is of interest. 


53. <A large portion of the free carbon of the lower strength 
transverse test bar (Fig. 13A and B, Fig. 14A and B) is present 
in the form of globules, consisting of aggregates of small graphite 
flakes. In the middle of some of these globules, the bluish-gray 
inclusions, presumably manganese sulphide, are plainly seen. <A 
patch of eutectic-like graphite, resembling the Widmanstatten 
structure and associated with globular and coarse flaky graphite, is 
visible in Fig. 13B and Fig. 14A. 


04. Other interesting structural features are the graphite eu- 
tectic situated within a graphite globule in Fig. 14B and the 
‘*fluffy’’ appearance of the edges of some graphite flakes shown in 
Figs. 13B and 14A. The secondary graphite, that is, hypereu- 
tectoid and eutectoid graphite, is generally deposited on existing 
graphite flakes in the form of a smooth band which is similarly 
oriented to the main body and is therefore difficult to show. Some- 
times, however, the secondary graphite is deposited on the graphite 
lamellae in an irregular manner, so that the edges have a “‘fluffy”’ 
appearance!’ ™, 


55. With regard to Widmanstiatten structures, Morrogh" be- 
lieves that the grain size of the original austenite does not determine 
whether the graphite will be deposited normally or in Widmanstat- 
ten form, and the conditions favorable for the development of the 
graphite Widmanstitten pattern are a controlled rate of cooling, 
neither extremely slow nor extremely fast, and a eutectic graphite 
structure consisting of a few very coarse flakes. The actual rate of 
cooling required to produce this structure must be very critical, 
as the graphite Widmanstatten pattern is seen in a fully developed 
form only very rarely. 


56. The chemical analysis and Brinell hardness of two test bars 
represented in Fig. 15A, B, C and D are practically the same, but 
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Fic. 15—Iron “‘N’’—MAXIMUM TEMPERATURE, 1600°C. (2910°F.). PouRING TEMPERATURE 


1450°C. (2640°F.); “C” AND “D,” 1850°C. (2460°F.). MopuLuUs oF 
89,000 LB. PER SQ. IN.; For “C” AND “D,” 112,100 LB. PER 


17.3x106 LB. PER SQ. IN. FoR “A” AND “B” AND 18.7x106 LB. PER SQ. IN. FOR 
“a AND 


AND “D,” ETCHED MAGNIFICATION, x500. 


Fork “A” AND “B,” 
Rupture For “A’’ AND “B,” 


sq. IN. E. = 
“C” AND “D.” BrinetL HarpNess NUMBER For “A,” “B,” “C” AND “D,” 311. 


“C,” UNETCHED MAGNIFICATION, x100; “B 
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Fic. 16—IRoN *‘N'’—MAXIMUM TEMPERATURE, 1700°C. (3090°F.). Pourtnc TEMPPRATURE, 

1350°C. (2460°F.). MopuLus or Rupture, 104,000 LB. PER SQ. IN. , = 18.60x106 LB. 

PER SQ. IN. BRINELL HARDNESS NuMBER, 341, A—UNETCHED. B AND C ETCHED. MAGNI- 
FICATION, A, x 100; B, x 500 AND C, x 1500. 
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their transverse strengths differ. The characteristic structural fea- 
tures of the higher strength bar (Fig. 15, C and D) are globular 
and flaky graphite, well developed dendritic pattern, free carbide 
and a fine acicular structure. The lower strength bar of the same 
heat (Fig. 15A and B) contained globular and whorl-like forma- 
tions of graphite, coarse acicular structure and a small amount of 
fine pearlite. The dendritic pattern of this bar was less pronounced 
than that of the companion bar. 


57. An interesting feature of the structure presented in Fig. 
15B is the inelusion of a perfect hexagonal form with the light twin- 
ning-like band in the middle. It appears that this inclusion has 
been moved during solidification from its original seat and slightly 
rotated. It has the appearance of a cube resting on one of its edges. 
Somewhat similar inclusions but without the light band in the 
middle were shown by Allen and Ellis“. Both of these authors 
described it as a manganese sulphide erystal. Ellis, however, re- 
marks that manganese sulphide crystals may not be pure man- 
ganese sulphide, but rather mixtures of sulphides. 


58. It is known that manganese sulphide inclusions possess a 
cubic crystal structure and appear in east iron as dove-gray colored 
crystals of square, triangular, trapezoidal, ete. form. In steel, they 
are generally present as dove-gray colored globules. On the other 
hand, iron sulphide has a hexagonal crystal structure and is 


lighter’ in color than manganese sulphide. 


59. Whiteley'® was able to show that, at temperatures above the 
solidus, the sulphide in steel consisted predomimantly of iron sul- 
phide. The appearance of iron sulphide at these temperatures is 
due to the fact that the reaction FeS -+ Mn = MnS + Fe wil! 
tend to proceed toward the left at higher temperatures. At 
very drastic quenching from the liquid state, this investigator was 
able to show that FeS was present in liquid steel containing 0.06 
percent sulphur and 0.6 percent manganese. Iron sulphide may 
dissolve in the manganese sulphide. 

60. Consideration of all of this evidence suggests that the in- 
clusion shown in Fig. 15B is probably a mixture of manganese and 
iron sulphides and that the light band in the middle is the remnant 
of iron sulphide proper. 

61. In the middle portion of the flake below the hexagonal in- 
clusion just described (Fig. 15B), three dark lines crossing the 


flake at angles of about 60 degrees to its longitudinal axis may be 
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noticed. These lines resemble the needles described by Hanemann 
and Sehrader™ and also by Morrogh"'. They have shown that 
secondary graphite sometimes forms small needle-like crystals of 
different orientation from the graphite flake. If the flake is in its 
dark position, then the needles appear bright, and if the flake is in 
its bright position the needles appear dark. 


62. Figure 16 shows the structure of iron ‘‘N’’ heated to 1700°C. 
(3090°F.) and poured at 1350°C. (2460°F.). The modulus of 
elasticity and Brinell hardness of this bar are about the highest 
obtained in the present investigation. It seems that most of the free 
carbon is present here in the form of globules (Fig. 16A). A row 
of graphite globules is shown in Fig. 16B. They have a spongy 
like appearance, some of them being associated with graphite flakes, 
as may be seen in Fig. 16C. 


63. It appears as if they originated from the nucleus situated 
at the right end of the flake inside of the graphite nodule, but it is 
difficult to determine which of them, flake or globule, was formed 
first. If this globular graphite is of a temper-carbon nature, then 
the graphite flakes are eutectic graphite and the nodules are formed 
after solidification of the metal. Although the nodular formation 
of graphite is probably best developed in castings made from metal 
heated to 1700°C. (3090°F.), it cannot be stated that the high 
maximum heating temperature is responsible for such structure, be- 
cause some nodular graphite was observed for the same iron ‘‘N’”’ 
which had been heated only to 1400°C. (2550°F.) and poured at 
1350°C. (2460°F.) (Fig. 13A and B). This structure is evidently 
characteristic for iron ‘‘N,’’ and seems to be a contributing factor 
in obtaining the higher values of the relative modulus of elasticity 
and Brinell hardness. 


64. The structure of the matrix of the specimen in Fig. 16B is 
acicular. The white area surrounding the graphite nodules, when 
resolved at higher magnification (x 1500), is shown in Fig. 16C. 
This structure resembles somewhat the micrographs presented by 
Davenport, Grange and Hafsten'* showing the initial and second 
stages of transformation of coarse-grained austenite at 540°C. 
(1005°F. ) 

65. Microscopic examination indicates that a pearlitic matrix 
with the presence of some ferrite is responsible for the low strength 
of iron ‘‘L.’’ as compared with irons ‘‘M’’ and ‘‘N.’’ The relative- 


ly low strength and Brinell hardness of iron ‘‘M’’ as compared 
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with iren ‘‘N’’ may be caused by some pearlite in its structure. 
Acicular structure and fine graphite are associated with high 
strength in the irons examined. Iron ‘‘N’’ possessed large graphite 
globules and fine acicular matrix and had the highest Brinell num- 
ber. In general, the globular formation of graphite seems to be a 
contributing factor in obtaining high values of relative modulus of 
elasticity and Brinell hardness. 

66. It was found, when examining test bars of the same heat, 
that the bars possessing greater strength showed a pronounced 
dendritic pattern. Since it is commonly accepted that random dis- 
tribution of graphite particles produces stronger cast iron than 
does dendritic structure, it may be inferred that the high strength 
bars showing dendritic patterns would possess still greater strength 
if their graphite particles were arranged at random. 


SUMMARY 


67. The results of this investigation may be summarized as fol- 
lows: 

1. The mechanical properties of three alloy irons (‘‘L,’’ a 
nickel-molybdenum iron; ‘‘M,’’ a nickel-molybdenum-chromi- 
um, low-manganese, medium-silicon iron; and ‘‘N,’’ a nickel- 
molybdenum-chromium, high-manganese and high-silicon iron ) 
were determined by measurements under transverse loading. 

2. The average transverse strength, ultimate total and 
elastic deflections, resilience and Brinell hardness of irons ‘‘M’’ 
and ‘‘N’’ were found to be superior to those of iron ‘‘L.”’ 


3. The maximum heating temperature showed no effect on 
the transverse strength of irons ‘‘L’’ and ‘‘M,’’ but the moduli 
of rupture of iron ‘‘N’’ were somewhat higher for the maxi- 
mum heating temperatures of 1600° and 1700°C. (2910° and 
3090°F.) than for 1400° and 1500°C. (2550° and 2730°F.). 
The highest moduli of elasticity of all the bars tested were ob- 
tained with iron ‘‘N’’ at the heating temperature of 1700°C. 
(3090°F.), but in general no definite relation could be estab- 
lished between the relative moduli of elasticity and maximum 
heating temperature. The lower pouring temperatures, rang- 
ing from 100° to 150°C. (210° to 300°F.) above the liquidus, 
tended to increase the strength and relative modulus of 
elasticity of the irons examined. Neither maximum heating, 
nor pouring temperatures, exerted much influence on the 
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resilience values for irons ‘‘L’’ and ‘‘M,’’ but a considerable 
improvement in these properties was observed for iron ‘‘N”’ 
when a lower pouring temperature was employed. 

4. The elastic deflection curves of the alloy irons studied 
in this investigation were similar to those of the plain irons 
described in the previous paper, ¢.e., they were straight lines 
in their lower portion, but beginning at a certain point (ap- 
proximately 3/5 of the breaking load), they inclined toward 
the deflection axis. 

5. Four relative moduli of elasticity were determined: 
E,, caleulated from the lower portion of the elastic deflection 
curve; E, (8), secant modulus corresponding to the load at 
which E, was calculated ; B,, ultimate modulus computed from 
the elastic deflection curve at the breaking point; and E,(S), 
ultimate secant modulus at the breaking load. The values of 
these moduli decreased in the following order: E,, E,, E,(S) 
and E,(S). There was a rather small difference between E,, 
EK, and E,(S) values, but E,(S) was considerably lower. 

6. The ratios of the average ultimate plastic resilience W, 
(the area below the load-plastic-deflection curve between the 
origin and the ordinate drawn to the plastic-deflection curve 
at the point of rupture) and ultimate total resilience W, (area 
below the load-total-deflection curve and between the origin 
and the ordinate drawn to the total deflection curve at the 
point of rupture) were considerably higher for irons ‘‘M’”’ 
and ‘‘N’’ than for iron ‘‘L. 


be] 


7. There is a definite trend for the ratios E,(S)/E,(S) 
and E,/E,(S) to increase with an increase of ratio W,/W,, 
where W, is the ultimate total resilience and W, the ultimate 
triangular resilience, represented by a triangular area below 
a straight line drawn from the origin to the point of rupture 
on the load-total-deflection curve. 

8. Comparison of alloy irons ‘‘L,’’ ‘‘M,’’ and ‘‘N”’ with 
plain irons ‘‘A,’’ ‘‘B,’’ and ‘‘C,’’ previously investigated, in- 
dicates that: 


(a) Iron ‘‘A,’’ showing higher strength, elasticity and 
resilience values than companion plain irons, possesses strength 
and resilience equivalent to those of a nickel-molybdenum 
iron. 


(b) The relative moduli of elasticity of iron ‘‘A’’ heated 
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to the maximum temperature of 1700°C. (3090°F.) are higher 
than those of alloy irons 

(c) The beneficial effect of the maximum heating tempera- 
ture on the moduli of rupture and elasticity was more 
pronounced for the plain irons than for alloy irons. The effect 
of pouring temperature for both plain and alloy irons, was 
about the same, 7.e., these properties showed a tendency to 
increase with a decrease in pouring temperature. 


1) The plastic to total resilience ratios of plain iron 


‘B’’ (a medium eylinder iron) are higher than those of alloy 
irons. 

(¢ If the proportion of plastic deflection to the total 
deflection at fracture is accepted as an index of plasticity of 
east iron, an alloy iron ‘‘L’’ may be considered as being the 
most rigid and plain iron ‘‘B”’ the least rigid. 

9. The structure of iron ‘‘L”’ consists of flaky graphite 
and pearlite. The matrix of irons ‘‘M’’ and ‘‘N’’ appears to 
be made up of the transition product of austenite, an ‘‘acicu- 
lar’’ structure. 

10. The graphite of iron ‘‘N’’ shows a tendency to form 
globules. This was particularly pronounced in the specimen 
of this iron when heated to the maximum temperature of 1700° 
C. (3090°F.) and poured at 1350°C. (2460°F.). It is probable 
that the nodular graphite structure is a contributing factor in 
obtaining the higher values of the relative modulus of elasticity 
and Brinell hardness. Some unusual structures of iron ‘‘N’”’ 
were observed and a tentative explanation was offered for the 
following: a patch of an eutectic-like graphite resembling the 
Widmanstatten pattern; the fluffy appearance of the edges 
of some graphite flakes; an inclusion, presumably manganese 
sulphide, of a perfect hexagonal form with the light twinning- 
like band in the middle; and the dark lines observed on a 
graphite flake and crossing it at about a 60° angle. 
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DISCUSSION 


Presiding: A. E. Scuun, U. S. Pipe & Foundry Co., Burlington, N. J. 

F. G. SEFING!: The data presented on elastic properties are very in- 
teresting, first of all because they are a little disturbing to me. If some- 
one had asked me what the elastic properties would be of an iron that 
had been heated to 3000°F. as compared to one heated to 2750°F., I 
would have suggested that the modulus of elasticity would have dropped 
in the case of the metal poured at the higher temperature. The reason 
for saying that would be that the iron heated to 2750°F. is stronger 
than the one heated to 3000°F. and generally irons with higher strengths 
show higher moduli of elasticity. 

I would like to point out a few things that do not seem exactly clear to 
me. In Figs. 11, 12 and 13, it is shown that the higher melting tempera- 
tures have a profound influence on throwing the fine graphite, as well as 
in a sort of dendritic pattern. Flinn and Reese*, in a paper presented 
before A.F.A., and Crosby, Timmons and Herzig**, show results in- 
dicating that when a normal graphite pattern is compared with the 
dendritic graphite pattern, there is a marked increase in strength 
with the normal graphite pattern. There is no doubt that heating to 
higher temperatures throws the dendritic graphite, but what disturbs 
me is that there should be any indication of higher strength with the 
dendritic pattern. It would be interesting if the data might be con- 
tinued to include structures that are wholly normal graphite. That 
is to say, those irons that are melted at the higher temperatures should 
be inoculated with any of the common inoculants to throw the normal 
graphite pattern and then a comparison made between the elastic prop- 
erties of irons melted at low and high temperatures. It seems to me 





1 International Nickel Co., New York, N. Y 

* Flinn, R. A., and Reese, D. J., “The Development and Control of Engineering Gray 
Cast Irons,’ TRANSACTIONS, American Foundrymen’s Association, vol. 49, pp. 6559-607 
(1941). 

** Timmons, G. A., Crosby, V. A., and Herzig, A. J., ““Produces High Strength Iron,” 
Tue Founpry, December, 1938 and January, 1939, pp. 28-30, 75, 76, and 30, 31, 86, 88, 
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that distinctions should be made between irons with different graphite 
forms. In so many cases, we find the dendritic pattern with its fine 
graphite. There are so many undesirable things about the fine dendritic 
graphite pattern from a wear viewpoint and a low tensile strength view- 
point that we can hardly afford in practice to jeopardize the iron by per- 
mitting it to go into service with a dendritic structure. 

Another thing which interested me was that the paper indicates that 
low pouring temperatures are throwing higher tensile strengths than 
the higher pouring temperature. One of the earlier papers that showed 
optimum pouring temperatures in the neighborhood of 2700°F., was by 
DiGuilio and White*, with lower pouring temperatures causing a marked 
reduction in the strength. In practice, I have found that it is definitely 
true in a wide variety of cast irons, that as the temperature of pouring 
drops below 2600°F., the mechanical properties fall off rapidly. I would 
like to see these two apparently controversial points brought together. 


Another point which interests me academically is conclusion No. 9, 
where reference is made to the acicular structure as being called “acicu- 
lar pearlite” or “acicular ferrite.”” Evidence has been shown that these 
needles, or the acicular structure, are definitely ferrite. In my own 
investigations, I have substantiated this contention from several view- 
points. 

MEMBER: With regurd to the point Mr. Sefing brought up, I rather 
think you will find that the modulus of elasticity would be a function of 
the total graphite. Provided it is not a material like malleable iron, it 
would be much nearer a function of the total graphite than of distribu- 
tion. It would be more a function of the distribution of size and shape 
than it would be of the amount. I know it is possible to get a very good 
curve in plotting, total carbon and silicon plus 3.10 per cent silicon, say, 
against the modulus of elasticity, but if that is plotted against strength, 
it does not produce very good correlation. 

The same is true with phosphorus. Apparently, it does not affect the 
action of the carbon plus 3.10 per cent silicon on stiffness, but it affects 
the strength to a considerable extent. 

I am not at all surprised to find that nothing done to the iron that did 
not change the amount of graphite formed would affect the modulus of 
elasticity, for anything done to improve the distribution of it would help 
the strength. 


Mr. SEFING: By way of offering some evidence substantiating the 
contention that graphite size and shape affect the elastic modulus, I had 
occasion about a year ago to produce a particular composition iron in 
very small piston rings which were to have the highest possible elastic 
modulus. This was achieved by producing the castings almost white 
and malleableizing or annealing which threw out much of the combined 
carbon in nodule form. The modulus went right up, compared with the 
same composition cast gray to about the same hardness. 


* DiGuilio, A., and White, A. E., “Factors Affecting the Structure and Properties of 
Gray Cast Iron,” TRANSACTIONS, American Foundrymen’s Association, vol. 43, pp. 631- 
572 (1935). 
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MEMBER: Regarding the effect of pouring temperature on strength, 
etc., in general, it is found that as long as the mold is completely filled 
with liquid metal, the pouring temperature does not affect the strength 
until the metal is poured so hot it results in a hot mold effect. If it is 
lacking in soundness because of a little low pouring temperature, the 
strength is improved by increasing the pouring temperature. If the mold 
is not quite dry, for instance, it is possible to get very good results by 
pouring hot enough to dry the mold and still have the metal liquid after 
the commotion is all over. 


C. H. JUNGE*?: We find, in malleable iron, the total carbon present is 
the determining factor in the modulus of elasticity. If there is a very 
great number of fine temper carbon nodules, about the same results are 
obtained as with much coarser nodules. So the total carbon apparently is 
the determining factor and not the particular size distribution of the 
carbon. 

J. S. VANICK®: Following up this elasticity discussion, it seems to me 
we are getting into a point that this paper attempts to clear up in com- 
bining the elastic and the plastic deformation. Quite a bit of emphasis 
is put on plastic deformation in paragraph 39 as a factor in avoiding 
cracked castings for instance. I am wondering whether this discussion 
stops within the true elastic range or whether it is taking in the entire 
plastic plus elastic range. 

MEMBER: No matter how it is measured, the lower the modulus, 
the greater the plastic deflection. If we take any one of the authors’ 
modulus of elasticity measurements, or if we take the simple beam 
formula, at the ultimate we find a very good correlation between the 
plastic deformation and that modulus. It would be awfully hard to 
unscramble them, and I would say they invariably go along together. 


Mr. VANICK: It seems as though the authors are making a distinction 
between the percentage of plastic to the total deformation when they 
pour these six different types of irons. Irons A and C seem to stick in 
their class; they seem to show the same percentage of plastic to the total 
deformation. They demonstrate this matter of always expecting the same 
modulus for a fixed total carbon content. However, alloys might bring 
in conditions that alter that relationship. For example, the alloy irons 
with progressively lower total carbon contents show an increasing plastic 
(and total) deflection accompanied by an increasing modulus. 

MEMBER: There are 25 different irons, including one with 2 per cent 
phosphorus which is off the curve, and the martensitic nickel iron is 
decidedly off the curve. When there is a totally different matrix, like 
the high phosphorus or the martensitic irons, I believe you depart from 
that rule. But as long as fairly normal compositions are used, the two 
go along and function with each other. 


CHAIRMAN SCHUH: The fact that our commentators seem to be more 
or less lost in this, I think, points out the desirability of studying this 
Bureau of Standards paper very carefully. One thing we can all be as- 


2 National Malleable & Steel Castings Co., Cleveland, O. 
} International Nickel Co., New York, N. Y. 
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sured of is that the work reported was carried out as precisely and faith- 
fully as present-day srience in cast iron permits, so I do think we ought 
to give the paper considerably more attention and submit written com- 
ments. 

MESSRS. SAEGER and KRYNITSKY (authors’ closure): The authors wish 
to thank those who, by their discussion not only made a valuable con- 
tribution, but also emphasized the importance of the problem investigated. 

Mr. F. G. Sefing questioned that there should be any indication of 
higher strength with dendritic pattern. This statement is in accord with 
the authors’ opinion as stated in paragraph 66. The authors believe that 
the high strength bars showing dendritic patterns would possess still 
greater strength if the graphite particles were arranged at random. 

In reference to Mr. Sefing’s argument relative to the correlation be- 
tween low pouring temperatures and high tensile strength the authors 
wish to refrain from theoretical speculation, but do reiterate that the 
data obtained from their transverse strength tests led them to conclude 
that lower pouring temperatures, ranging from 100° to 150°F. above 
the liquidus, tended to increase the transverse strength and relative 
modulus of elasticity of the irons examined. This tendency was more 
pronounced in plain irons than alloy irons. 

It was interesting to learn that acicular structure of molybdenum 
irons is considered to be ferrite rather than pearlite. The authors agree 
that total carbon content is an important factor in the modulus of «las- 
ticity. Likewise the size, shape, and distribution of graphite particles 
also play a significant role. For example, globular formation of graphite 
seems to be a contributing factor in obtaining higher values of relative 
moduli of elasticity and Brinell hardness. It was gratifying to find this 
point also substantiated by Mr. Sefing. 











Some Causes of Gas Unsoundness and How to 
Eliminate Them 


By H. L. Smitrxu*, Pirrspuran, Pa. 


Abstract 


This paper was prepared as a contribution toward the 
science and art of brass and bronze founding to help in- 
crease production. The author points out melting prac- 
tice as one of the important factors which causes con- 
siderable trouble in the foundry and states that it is gen- 
erally overlooked, or unknown, when trying to locate 
causes of excessive loss due to porosity or other casting 
defects. He states that in the melting of copper-base 
alloys, the reactions and inter-reactions between hydrogen, 
oxygen, carbon and sulphur are of fundamental impor- 
tance, resulting in gas unsoundness during solidification 
of the alloys, and advocates proper control of furnace 
atmosphere. He describes in detail the effect of oxygen 
and hydrogen, carbon monowide, charcoal, etc. and ex- 
plains how the reactions take place in open-flame, crucible 
and electric furnaces. The paper is of value to the fur- 
nace operator because the technical data given is trans- 
lated into everyday, practical language. 


1. In these strenuous times when the conservation of strategic 
materials is one of the most important problems facing all of us, it 
is extremely important that we look again into those things which 
will help to reduce the number of lost castings. In this paper, the 
author hopes that he may contribute something toward the science 
and art of brass and bronze founding and thus help to increase 
production. 

2. All foundrymen know that the molding practices, gating, 
cores, sand, pouring technique, ete., are always important factors 
to be reckoned with in the production of sound castings. For the 
purpose of this paper, it is assumed that the general foundry prac- 
tice is quite satisfactory in this regard in the majority of foundries. 

3. There are other important factors beside these, however, 
which cause considerable trouble in the foundry that are over- 


* Federated Metals Division, American Smelting & Refining Co. 
NoTEe This paper was presented at a session on Non-Ferrous Founding at the 46th 
Annual A.F.A. Convention, Cleveland, Ohio, April 20, 1942. 
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looked, or. sometimes unknown, when the foundryman is trying to 
locate the cause of excessive losses due to porosity or other casting 
defects. 

4. The author does not believe that the average melter realizes 
that, by abandoning the old coke-fired pit-furnace for oil or gas- 
fired furnaces, or even for the electric furnace, he has complicated 
his melting problem to a considerable degree. It is probably also 
true that he does not realize the importance of the melting condi- 
tions, and how they influence the soundness of the casting, and 
the properties of the alloy being melted. 

5. In the melting and pouring of copper-base alloys, and par- 
ticularly the tin and silicon bronzes, the reactions and inter-reac- 
tions between hydrogen, oxygen, carbon and sulphur are of funda- 
mental importance. These reactions are understood readily by the 
technical worker, but the author wonders whether they really are 
understood by the man that actually does the melting. It is with 
this thought in mind that the author brings to attention the good 
work of some recent investigators, and will discuss the same in the 
light of experience and then try to translate the technical data into 
everyday, practical language. 


GasEs IN BRONZE 


6. The reactions just mentioned have been studied by a number 
of experimenters. For example, Pearson and Baker’ show that gas 
unsoundness in cast bronze may result from the evolution of hy- 
drogen, water vapor, carbon monoxide, or sulphur dioxide during 
solidification of the alloys. Also that hydrogen and oxygen co-exist 
in molten bronze and recombine during solidification with a re- 
sultant evolution of steam. 


Oxygen and Hydrogen 

7. These authors show by experiment that, if the unsoundness 
were due only to the solution, and subsequent liberation of hy- 
drogen formed by dissociation of the moisture, the extent of un- 
soundness would have steadily increased with increased moisture 
concentration. The maxima and minima in the unsoundness curves 
actually found, clearly indicate that another factor operates, and 
in fact, the curves can be explained only by assuming that both 
oxygen and hydrogen are dissolved by the melt and that an equilib- 
rium exists between the concentration in the melt. 


1 Journal, British Institute of Metals, August 1941. 
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§ To confirm this conclusion, they show the effects of oxida- 
tion, and deoxidation on melts previously exposed to moist nitrogen 
for 45 min., and state that additions of phosphorus or aluminum, 
just before pouring, eliminated the greater part of the unsound- 
ness, and that aluminum, which has a greater affinity for oxygen 
than phosphorus, was the more effective in this respect. Thus, it 
appears that removal of the bulk of oxygen present, or its conver- 
sion to an inert oxide, reduces the quantity of steam formed dur- 
ing solidification and reduces the extent of gas porosity ; also, that 
the concentration of hydrogen in the melt is unlikely to be affected 
by such additions. The fact that this hydrogen did not give rise 
to such severe unsoundness as it would have done in the presence of 
oxygen, indicates that steam evolved during solidification is more 
likely to be trapped in the casting than is hydrogen, or the solid 
solubility of hydrogen is increased by removal of oxygen from the 


melt 


Carbon Monogride 

9. Bolton, in discussing Pearson and Baker’s paper, brings out 
the dangers of an atmosphere rich in carbon monoxide, and states 
that, when melting in an indirect-are furnace, very high porosity, 
causing 5 per cent or more leakers, has been noted. He also states 
that investigations show that under certain operating conditions, a 
very high concentration of carbon monoxide is possible, and that 
many gas analyses have shown up to 60 per cent carbon monoxide 
in the melting atmosphere. Not one, but many heats made under 
these conditions, were studied, and not only was the percentage of 
leakers on hydraulic tests high, but test bars were relatively low 
in strength 

10. Bolton further states that, in this particular case, the in- 
troduction of measured volumes of air into the furnace was studied, 
and the flow adjusted to give an actual analysis of CO., no CO, 
and at times a slight excess of oxygen. The results of the changed 
practice were highly satisfactory, resulting in (1) rapid drop in 
porosity, (2) rapid increase in test-bar strength, (3) about a 20 per 
cent increase in electrode consumption and (4) to their consider- 
able surprise, current consumption decreased somewhat, which 
more than offset the increased electrode expense. 


Effect of Charcoal 
11. In addition, Bolton noted that pouring this alloy ‘‘and also 
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the alloy containing copper 88, tin 10, and zine 2 per cent, on to 
either charcoal or coke results in marked porosity,’’ and states 
that if charcoal or coke is placed on top of the metal no discernible 
trouble results. However, if the charcoal or coke (after being on 
hot metal) is not removed from the hot pot, and fresh metal poured 
thereon, porosity is quite likely. This has been observed repeated- 
ly. Also, pots with coke or charcoal in them have been heated under 
burners. Presumably these treatments (holding on hot metal, and 
heating to redness in a pot) would drive off all moisture. If the 
moisture was driven off (and pieces removed indicated it was) 
what, asks Bolton, apart from the carbon (and products of its 
interaction with the metal, presumably largely carbon monoxide 


is responsible for these phenomena? 


Effect of Crucible 

12. Bolton made a similar observation in his research laboratory 
during the melting of these bronzes in a high-frequency induction 
furnace. When using a plumbago crucible, regardless of how well 
burned out, he found that it was not possible to attain physical 
values on sand-cast test-bars comparable with those attained in the 
foundry, ductility in particular being very low. The atmosphere 
in such melting was air plus the combustion products from the 
crucible. By the use of a silica crucible consistently high values 
were attained. Such results were obtained without regard for the 
covering of the molten metal, provided that no carbonaceous matter 
was present. The results obtained with a carbonaceous covering 
were very poor indeed. 


Cumulative Effect of CO 

13. Of particular interest is Bolton’s closing comment about 
carbon monoxide that the effects of this gas are definitely cumula- 
tive. He has shown by experiment that (especially with an all- 
virgin-metal charge, the copper containing some oxide) the first 
heat may show little effect. When returns in eycle are put over 
and over through the same carbon-monoxide-rich atmosphere, the 
porosity becomes evident and soon very bad indeed. 

14. Further in this connection, Drs. Floe and Chipman, in their 
paper on the effect of impurities on the solubility of sulphur di- 
oxide (SQ.) in molten copper, state that any carbon in the 
copper will react with SO, to form CO, and CO, (carbon mon- 


oxide and carbon-dioxide ). 
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15. Up to this point, reference has been made to the work ot 
several investigators and the results of their tests have been quoted 
freely. Since extensive tests have been made by these and other 
investigators, and more recently by H. B. Gardner, research asso- 
ciate, Non-Ferrous Ingot Metal Institute, Bureau of Standards, 
the author will not add more technical data from his own tests, ex- 
cept to say that all of the brass and bronze alloys in the plants of 
the company with which he is affiliated, are melted in open-flame, 
reverberatory or U.S. furnaces and crucible fired with either oil 
or gas. From observations made over the past 20 years, both in 
the research laboratory and in the plant, he has found that the 
presence of hydrogen, as well as carbon and sulphur, are sources 
of trouble when gassed metal is encountered. 

16. To correct the trouble, flame adjustment to get maximum 
CO. content with a slight excess of Oo and no CO in the products 
of combustion is particularly important. To maintain these condi- 
tions, it is desirable to have what the average melter calls a slight 
really means 
that a very small excess of air is sweeping through the furnace. 


? 


vacuum in the furnace. The term ‘‘slight vacuum 


THEORY TRANSLATED TO PRACTICE 


17. The author now will translate some of his own observations, 
which agree precisely with the work of Pearson and Baker, Bolton, 
Floe and Chipman, into everyday foundry control and discuss how 
these reactions take place; first, in open flame furnaces; second, 
in crucible furnaces, and third, in the electrie furnace. 


Water Formed in Gas-fired Furnaces 

18. Many melters ask how water can possibly get into molten 
metal when water boils at 212°F. and the metal is around 2000°F. 
The explanation for this is quite simple, once the reaction is under- 
stood. But even then, few melters realize how much water really 
is formed during the melting of a heat of brass. 

19. To give some idea, there are 11 gallons of water formed 
for every 1,000 cu. ft. of natural gas burned. Knowing this, one 
can easily compute the amount of water formed during the melting 
of any particular quantity of metal. As an example, to melt 1,000 
lb. of 85-5-5-5 and bring it up to a temperature of around 2075°F., 
will take approximately 2,000 eu. ft. of gas. Since 1,000 ecu. ft. of 
gas contains 11 gallons of water, and we consume 2,000 eu. ft. of 


ee SL sabe 


ay 
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vas to melt the brass, there is formed 2x11 gallons, or 22 gallons 
of water for every 1,000 lb. of brass melted. 


Open-flame Furnaces 

20. Now, as has been explained by the water vapor dissociation 
reaction, the one thing that will dissociate water when it is formed 
in an open-flame furnace at high temperature, is carbon, and nat- 
urally there is plenty of that in the fuel being burned. The car- 
bon (c) takes the oxygen (O.) from the water (H.O) forming ear- 
bon monoxide (CO) thus releasing the hydrogen (II). This reae- 
tion is written chemically as follows: 


H,O + C= cCO+H, 


21. The hydrogen liberated from this reaction then dissolves in 
the melt but the melter cannot see this reaction take place and 
thus goes on with the melting procedure, bringing the furnace up 
to temperature in the usual way until he is ready to tap. 


Effect of Pouring 

22. Now the reaction reverses. When the metal is poured 
through the air, the surfaces that are exposed oxidize. Then the 
hydrogen dissolved in the metal, immediately reduces the freshly- 
formed oxide back to metal and forms water again, according to the 
reaction CuO + H, = Cu + H,O. This water is then trapped in 
the metal as it cools and, therefore, causes the little shiny holes you 
have seen many times and probably called them ‘‘gas holes.’’ 


Crucible Furnaces 

23. In regard to crucible furnaces, many foundrymen feel that 
what has been said may be true with open-flame furnaces; but 
with crucible furnaces, the flame never comes into contact with the 
metal and, therefore, the metal cannot become gassed because of im- 
proper combustion. Nevertheless, in many cases, gassed castings 
coming from metal that has been melted in a crucible furnace are 
found the same as with metal which has been melted in an open 
flame furnace. With the idea in the melter’s mind that he cannot 
gas metal in a crucible because the crucible protects it from objec- 
tionable furnace gases, he feels that he has trouble with gassed 
metal, and usually blames the metal. When a thorough investiga- 
tion is made, however, it usually is found that something else hap- 


pens of which many melters are unaware, and that is that the 
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erueible Is nothine Dut a POProus membrane Or spolye, SO to speak 
Therefore, hy drogen ana other objectionable furnace vases Cah pene 
trate the crucible and into the metal, the same as if the metal has 
been melted in an open-flame furnace under reducing conditions 

24 Another factor that must be reckoned with in crucible melt- 
ing is that copper and copper-base alloys absorb carbon from the 
crucible itself, which, as stated before, reacts with oxygen during 
the pouring process to form CO and COs, the same as hydrogen 


combines with oxygen to form water vapor. 


Electric Furnaces 

25. In regard to melting in the electric furnace, the author 
would like to offer the suggestion that carbon solubility in the 
alloy might explain the findings of Bolton. The carbon, formed 
through the reduction of CO by the metal and small amounts of 
CQ. in the furnace atmosphere, get up into the furnace are and 


there are reduced to CO according to the reactions: 


2Cu L_ CQO Cu,O0 + C 
Cu.0 + CO CO, + Cu 
CO, +C 2 CX) 


26. Thus, the generally accepted practice of melting in a slight- 
ly oxidizing atmosphere is justified, except to mention that ele- 
ments having a high affinity for oxygen, such as phosphorus, if 


present, will hinder the expulsion of reducing gas by oxidation. 


Porostry UNDER OxtpIzZING ATMOSPHERES 


27. From the foregoing, it might appear that, by melting in a 
slightly oxidizing atmosphere, all foundry troubles should be elimi- 
nated. This is not always true because in some cases porosity also 
is encountered with metal melted under oxidizing conditions. In 
this case, the reaction of carbon (C) and oxygen (QO) may again 
be the source of trouble. It is quite possible that, if metal contain- 
ing a slight amount of oxygen is poured into a mold that has been 
faced with some carbonaceous material, the carbon in the mold 
facing or in the core compounds, may combine with the oxygen in 
the metal to form CO and COs, thereby causing porosity. With 
carbon in the metal the carbon also can react with the moisture in 
the sand to form carbon monoxide and hydrogen and thus again 


cause porosity 
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(‘ONCLUSION 
28. In conclusion, the discussion shows 


(1) That with water formed as a product of combustion, if 
free carbon is present, the carbon will react with the wa- 
ter vapor to form carbon monoxide releasing the hy- 
drogen which goes into solution in the metal during the 
melting process ; 


2) When the molten metal is subsequently poured, some of 
it oxidizes, at which time the contained hydrogen recom- 
bines with the oxygen to form metal and water vapor 


again; 


3) This reaction takes place quickly, not in minutes or 
hours, but in a matter of seconds ; 


(4) That carbon is soluble in small amounts in molten copper 
and copper-base alloys which react with oxygen to form 
CO and CO,. This reaction proceeds the same as the hy- 
drogen-oxygen reaction and both can take place simul- 
taneously ; 


(5) That molten metal can absorb sufficient carbon from the 
crucible, if melted in graphite, or from charcoal, if 


poured over it, to cause gas porosity ; 


(6) That the probable answer to the accumulative effect of 
carbon gas porosity in the electric-are furnace is due (a) 
to the reaction of carbon monoxide with the metal to 
form carbon and metallic oxide, (b) to the reaction of the 
metallic oxide with more carbon monoxide to form mi- 
nute amounts of carbon dioxide, and (¢) to the reduction 
of these minute amounts of carbon dioxide in the are per 
mitting the reaction to proceed from the start. 


DISCUSSION 


Presiding: M. V. HEALEY, General Electric Co., Schenectady, N. Y. 

Co-Chairman: D. FRANK O’CONNOR, Watts Regulator Co., Lawrence, 
Mass. 

J. W. Bo.tton!: This paper is of extreme interest to us because, prior 
to its publication, there were but one or two investigators who dared say 
that carbon in itself would, due to the reaction with oxygen and water 


1 Lunkenheimer Co., Cincinnati, Ohio. 
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vapor, have much to do with porosity of bronze. Last year an extensive 
research paper dealing with questions of porosity was published and 
did away with the possibilities of carbon reaction and the formation of 
carbon monoxide completely, saying such a thing was not possible. 

Our company has been working with this problem for many years, and 
we are glad to confirm everything the speaker says relative to what 
takes place and the reactions, including those of the mold, of carbonace- 
ous material within the mold, of carbon in crucible and in induction 
melting, of carbon in electric arc furnace melting, of methane and hydro- 
gen and an excess of carbon monoxide in reducing flame in gas furnace 
melting. 

MEMBER: I agree with the author and with Mr. Bolton that these 
so-called gas conditions accumulate in the furnaces. We found porosity 
in castings and by careful melting conditions and using a slightly oxidiz- 
ing condition, we are able to eliminate almost 90 per cent of it. That 
does not mean the gas holes are entirely eliminated or that the gas after 
melting comes from the furnaces. There are other points to be considered, 
one of the most important of which is the method of pouring. 

Mr. SMITH: You are absolutely correct that there will still be a little 
porosity. However, the causes of this small amount of porosity must be 
studied scientifically because the material in the paper has been given 
in quite an elementary way. 

I have not dealt at all with any of the partial pressures or the equi- 
libriums involved. However, when considering carbon and its effect on 
gas, quantities in the neighborhood of 0.0004 per cent are being con- 
sidered. Some authors have suggested that 0.003 per cent carbon is 
soluble but, from our work, we have found that is quite high. 











Casting Cleaning in a Gray Iron Foundry 


By Howarp B. Nyn*, Watertown, N, Y. 


Abstract 


Super-clean castings are easier and cheaper to ma- 
chine, have greater eye appeal, and in many industries 
are absolutely essential to a first quality final product. 
Castings may leave the foundry cleaned and finished just 
enough to pass minimum inspection requirements, or 
they may be delivered cleaned in such a way that they 
are a credit to the foundry which produces them, since 
they reflect the quality workmanship which must go into 
the making of any good casting. It is the purpose of this 
paper to illustrate that by the application of modern 
methods to this often neglected phase of foundry opera- 
tions, it is possible not only to produce super-clean cast- 
ings, but also to effect a substantial lowering of cleaning 
costs as well. The first section of the paper consists of a 
brief chronological coverage of the most commoniy used 
cleaning equipment, while the latter part of the paper dis- 
cusses, with the aid of actual cost figures, the practical 
application of improved casting cleaning methods. 


Part |—Cleaning Equipment 


SHAKE-OvutT: THe First CLEANING OPERATION 


1. In a production foundry, the cleaning process begins at the 
shake-out. Whenever possible, it is desirable to place the castings 
on a vibrating grate to remove excess molding and core sand before 
the casting is transported to the hot storage area. Some castings 
are not, however, well adapted to such handling, since they are too 
fragile, have arbors which are easily broken, or have been made 
with chills which are so small that they go through the grate, and 
burn the conveyer belt. When shaking-out heavily cored castings, 





* Foundry Engineer, New York Air Brake Company. 


Note: This paper was presented at a Plant and Plant Equipment Session of the 46th 
Annual A.F.A. Convention, Cleveland, O., Apri] 23, 1942. 
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the large amount of unbonded material which is introdueed into 
the sand system causes some difficulty, since it must be rapidly 
built up and conditioned so that it may be used as a molding sand. 
The use of present day bonding agents and conditioning equip- 
ment tends, however, to nullify this objection. It is a mistake to 
expect too much cleaning action from the initial shake-out, since 
sand does not peel well from hot castings. For this reason, many 
foundries store or convey the castings after they leave the mold 
until they are cool, when they again place them on a shake-out 
erate or subject them to preliminary tumbling to remove excess 
sand. Which one, if either, of these methods is used depends much 
upon local shop conditions. In any event, preliminary cleaning is 
usually desirable and economieal. 


TUMBLING BARRELS 


2. If the castings are of such design that they will stand rough 


handling, tumbling, which is one of the oldest methods of easting 
cleaning, should be considered. Tumbling offers the following: 


Advantaae s 
l The direct labor cost is low. 


) 


2) The initial cost of the equipment is nominal. 


4) The smoothly peened finish of tumbled castings is some- 
times highly desirable. 


Disadvantaade S$: 


(1 Breakage is often costly. 


2) Castings are not truly cleaned, since, as well as not al- 
ways removing all of the surface sand, tumbling pounds 
some of it into the surface of the metal, thus decreasing 
tool life when the casting is machined. 


5} The cost of the power necessary to operate tumbling 


mills is disproportionately high compared to other 
methods of cleaning. 


f 


Mill wear is sometimes objectionable from an appearance 
standpoint 


Tumbling is a hazardous operation and results in many 
serious injuries which are not only regrettable but un- 
economical 
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When all of the operating figures are carefully compiled, the cost 
per ton of tumbling castings is a great deal higher than the direct 
labor cost, often used as a comparative figure, would indicate. 

3. There have been developed several special types of tumbling 
equipment, such as, for instance, the continuous shot return barrel, 
and a type of barrel which uses water as well as shot as a tumbling 
medium. Whether or not such equipment offers any great ad- 
vantage over conventional tumbling, depends much upon the con 
ditions of the individual ease. 


Arr Buast BARRELS 


4. Air blast barrels, of which there are many types, have been 
widely used in the past for casting cleaning. They offer the fol 
lowing : 


Advantages : 


(1 Compared to tumbling, breakage loss is low. 
(2) Casting finish is unusually good. 
(3) If operated in groups, the direct labor cost is low. 


Disadvantages : 


(1) They use large amounts of costly compressed air. 


(2) They are slow compared with other more modern meth- 
ods. 
(3) In proportion to the comparative tonnage that they will 


produce, the initial cost is high. 


Except in special instances, this type of equipment is being dis- 
placed by faster cleaning, more efficient units. 
AIRLESS BLAst BARRELS 


5. About ten years ago there was marketed a type of airless 
blast equipment, which, through development, has become one of 


the fastest and most efficient methods of cleaning. As most foun- 
drymen perhaps already know, this airless equipment consists of 
a wheel which hurls the abrasive by centrifugal force, this pro- 
ducing a hard-hitting, thorough cleaning blast. These centrifugal 
blasting units, similar to the machine illustrated in Fig. 1, have 
been very successfully applied to barrels. They offer the follow- 
ing : 








CASTING CLEANING 





Fig. 1—CENTRIFUGAL BLASTING UNIT APPLIED TO ROTATING BARRELS. 


Advantages : 


(1) The cleaning process is very rapid. 

(2 Breakage loss is low. 

3) The castings are super-clean. 

(4 No costly compressed air is used. 

5) The loading and unloading facilities which are usually 
supplied with this type of equipment, make for in- 
creased operating efficiency compared to other barrel 
methods. 

6) The operation is fairly free from accident hazards. 


Iisadvantages : 


(1) The first cost of the equipment is comparatively high. 
(2 


Heavily cored castings carry away considerable costly 
metal abrasive. 
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(3) Unless carefully managed, the maintenance of such a 
machine can be burdensome and expensive. 


Any castings of such design and dimension that they can be run 
in a blast barrel can usually be cleaned better and cheaper in an 
airless mill, than by any other method. 


Arr Buast Rooms 


6. Sand, shot, and grit blast rooms are often used for cleaning 
a wide variety of castings. They are made in many forms varying 
all the way from a simple ventilated inclosure equipped with a 
blast tank, to large automatic abrasive return type rooms in which 
the castings are handled by means of cars or conveyers. They offer 
the following: 


Advantages : 

(1) They are very flexible in that it is possible to achieve 
a wide range of finishes and an almost infinite variety 
of work. 

(2) Breakage losses are at a minimum. 

(3) When it is necessary to ‘‘spot’’ blast production castings 

in localized areas, sand blast rooms are well suited to 

the job. 


Disadvantages : 
(1) They use large amounts of costly compressed air. 
(2) The direct labor cost is high. 
(3) Sinee this operation is hazardous, the operator must be 
provided burdensome safety equipment. 


Most any foundry producing a wide variety of castings should 
have at least one blast room. Ilowever, except in special cases, 
it is seldom desirable to clean large volumes of production castings 
by this method. 


TABLE BLASTS 


7. Table blasts which are a production modification of blast 
rooms are available, equipped for either air or airless blasting. 
In most cases, the airless equipment which is usually the more 
costly of the two is by far the most efficient. They offer the fol- 
lowing : 














504 CASTING CLEANING 


Advantages 
l The operator is able to work outside the blasting area. 
2) The operation is continuous, hence, high production is 
possible 


} Breakage loss is negligible. 


Disadvantuges 
l They are limited as to the size and type of casting which 
they can handle. 
2) The work usually has to make more than one pass 
through the blasting zone. 


4) The first cost is comparatively quite high. 


Special AIRLESS BLAst CABINETS 


4 


During the past few years many special conveyer type clean- 
ing machines, equipped with airless blasting units, have been in- 
stalled in production foundries. The castings are suspended by 
means of work hooks on a chain conveyer which by successive 
moves indexes the castings into the blasting zones where they are 
rotated until cleaned. The conveyer continues to index automati- 
eally, thus making the process continuous. Any foundry having a 
cleaning problem involving production castings, which are too 
large for standard airless barrels, can usually solve the problem by 
adapting this type of equipment. If such a modernization pro- 
gram is carried out, it is, as a rule, ene of the most profitable of 
foundry equipment investments. 


SNAGGING 
9. After the sand has been removed from castings, they are 
usually chipped, ground, or, in some other way, smoothed up. In 
general, any casting small enough to be handled conveniently by 
the operator can be snagged better and cheaper on a fairly large 
floor stand grinder than by any other method. Castings which 
have only flat faces to be ground can be very economically finished 
on a dise grinder of suitable design and dimension. Castings 
which are too large to be picked up by the workman are usually 
ground with a swing frame grinder, or chipped and ground with 
portable tools 


NNAGGUNG EN quipme nf 


10 


There are several considerations in connection with grind- 
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ing equipment which are very important. Great care should be 
taken to see that any new grinding unit has the right spindle speed 
for most efficient wheel performance. Floor stand and swing 
frame grinders are available with multi-speed drive equipment. 
This is a very desirable and economical feature which should be 
used wherever possible. If large numbers of portable tools are 
necessary to handle a given production, high cyele electric tools 
are the most economical to use. 

11. Where the production is not large enough to warrant the in 
vestment in the motor generator set necessary for high cycle oper- 
ations, pneumatic tools are available in a wide range of types and 
sizes. Vertical spindle pneumatie grinders which may be equipped 
for either sanding or grinding are very powerful and do excellent 
work at a rapid rate. Where it is not convenient to use the larger 
vertical spindle type of grinder, tools which mount small high 
speed cone or cylinder wheels are used with good results. 


Grinding Wheels 

12. Grinding wheels are available in two general classifications ; 
vitrified bonded wheels which operate most efficiently at about 
6000 surface ft. per min., and resinoid or rubber bonded wheels 
which operate best at about 9500 surface ft. per min. The high 
speed type of wheel cuts somewhat faster than the medium speed 
type. However, most gray iron foundries find it uneconomical to 
make any major changes in their equipment to take advantage of 
this faster cutting quality. 

13. In selecting a grinding wheel it is a good plan to make ecut- 
ting quality which has a direct bearing on the production effi 
ciency a major consideration. After the desired production has 
been obtained, the grading may be worked back until a satisfactory 
balance between cutting quality and wheel life is achieved. 

14. Grinding wheels can be one of the most hazardous pieces of 
foundry equipment, or they can be one of the safest. It is highly 
desirable that grinding wheels be properly mounted and periodical- 
ly checked by competent supervisors. Most every foundry has 
some grinding equipment, or some grinding practice which vio- 
lates the AMERICAN STANDARDS AssociaTION ‘‘ Safety Code.’’ There 
should be at least one man in the grinding department who is 
familiar with this ‘‘Safety Code,’’ since these rules are very fair 
and represent the best information obtainable on this important 


subject. 
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Part 2—Cost Comparisons* 
Arr BARRELS vs. AIRLESS BARRELS 


15. Prior to 1937, all of the medium sized (10 to 70 lb.) pro- 
duction castings produced in our foundry were cleaned in sand 
blast barrels. This process was slow and inefficient, in that a 
great many castings had to be ‘‘spot’’ blasted after being milled. 
When all of the various costs of cleaning by this method were eare- 
fully compiled such as cost of labor, power, air, supplies, mainte- 
nanee, ete., the total was $3.96 per ton of castings cleaned. Realizing 
that this was a very high figure, we studied the situation with the 
result that airless barrel equipment was installed to do this work. 
We have since cleaned in excess of 30,000,000 lb. of castings by 
this newer method. The figures tabulated below represent a sum- 
mary of our actual operating costs compiled over a four year 
period 





Per Ton 
Cost of labor (operation and maintenance) $0.70 
Cost of repair parts, supplies and power 0.86 
Total operating cost $1.56 


As well as saving $2.40 per ton of castings cleaned, this equipment 


produces cleaner castings which not only look better but are cheap- 
machine 


er t 








Fic. 2—Arr Reservork CastTincs. (Lert) Rouen Castine. (RigHtT) CASTING CLEANED 
BY BLASTING. 


* The cost figures quoted in this paper are based on the labor rates and the material 


costs prevailing in our plant. They should not be considered as representing an average 
for this type of work. 
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TUMBLING vs. AIRLESS BLAST CABINET 


16. Among the castings which we make is an air reservoir which 
is shown in Fig. 2. This casting is about 19-in. high by 19-in. in 
diameter, while the thickness of the side walls is about 5/16-in. 
When this job which weighs 120 lbs. was first made it was cleaned 
in a sand blast room. This was costly, since production was low. 
and the sand blast was not strategically located. 


17. Because we had several tumbling mills available, we tried 
tumbling to relieve the bottle neck. Our earlier methods along 
this line were very discouraging due to the relatively thin walls 
which made mill breakage excessive. We later found, however. 
that by packing the castings in the mills with small logs, we were 
able to reduce breakage to about 1 per cent. 


18. It so happened that after this job had been running for 
some time, we were called upon to check over cleaning facilities to 
determine our ability to handle a new type of casting which was 
being contemplated for the foundry. This checkup, which covered 
the relative efficiency of all production cleaning jobs, showed that 
it was costing us more than we thought to clean the reservoir cast- 


ing as: 


Per Casting 


Direct labor cost $0.055 
Shot cost 0.007 
Power cost 0.035 
Belt and maintenance cost 0.032 
Mill breakage loss 0.042 
Total cleaning cost $0.171 


19. We consulted the manufacturers of airless cabinets who 
assured us that by using their machinery we could clean this cast- 
ing considerably cheaper than the above quoted figure of $0.17] 
per casting. After carefully checking their bids and estimates 
against the experience of others who were already using this type 
of equipment, we advised our management to the effect that we 
would recommend the immediate purchase of such a machine to be 
used for standard existing production work, without waiting until 
such a time as the contemplated new job was started. Some time 
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Fig AIRLE BLASTING CABINET SHOWING ARRANGEMENT FOR PUTTING CASTING INTO 
AND TAKING OUT OF MACHINE 


later the airless cabinet shown in Fig. 3 was installed in a location 


convenient to the reservoir hot storage fioor. 


RESERVOIR CLEANING CYCLE DESCRIBED 


20. After the gates and some of the sand has been knocked from 
the reservoir castings, they are picked up in groups of five with a 
mono-rail electric hoist and deposited on the roller conveyer which 
feeds the cleaning machine loading device as shown in Fig. 4. This 
loading device consists of a short movable section of roller con- 
veyer equipped with an air hoist that raises the castings up into 
hooking position. Because of this handling equipment, and the 
convenient location of the indicator gauges and controls, only one 
man is necessary for the complete operation of the machine. 

21. After blasting, the castings move down the roller conveyer 
which may be switched to feed any one of three processing tracks. 


The eastings are first tipped bottom up onto a bench for inspection 
and gauging. After the inspection the reservoirs travel to the next 
man who rolls them from the conveyer into a chuck for chipping. 
After being chipped and ground, the castings are conveyed to the 
tester who, with the aid of an air hoist, drops them onto a hydraulic 
test machine where they are subjected to a pressure of 240 lb. per 
sq. in. After completing the operation, the tester loads the castings 
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onto specially constructed trailer trays for delivery to the ma 


chine shop. 


IMPROVEMENTS NOTED 
22. Our present reservoir castings are much cleaner than they 
ever were when using tumbling, breakage loss is practically non- 


existent and our operating costs are much lower as: 


Per Casting 


Labor cost $0,018 
Abrasive cost 0.045 
Power 0.006 
Maintenance 0.015 
Total 40.084 


or a gain over the old method of .O83 per casting. 

23. We also clean the 110 lb. evlinder casting shown in Fig. 5 
and the 40 lb. reservoir partition casting shown in Fig. 6 in the 
same machine and by these same general methods. When the 
operating gains for all of the jobs thus cleaned were carefully com- 
piled, it was found that the investment in the installation will be 


self-amortizing in considerably less than a year. 





Fic. 4—AFrTerR GATES AND SOME OF THE SAND HAs BEEN KNOCKED FROM THE RBSSERVOIK 
CASTING, THEY ARE PICKED UP IN GrouPrs oF Five WITH A MoNo-RaIL Evectric Horst 
AND DEPOSITED ON A CONVEYOR WHICH Fits THE CLEANING MACHINE LOADING DEVICE. 
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Fic. 5—110 La. CYLINDER CASTING SHOWING A ROUGH AND A CLEANED CASTING. 


CONCLUSIONS 


24. We are usually forced to study our cleaning problems in 
order to overcome some chronic trouble, or because of some change 
in casting design or foundry output. Whenever such problems 
are encountered, it is a good plan to take a broad view of the whole 
cleaning program, past, present and future. When this approach 
is made with the thought in mind that a well cleaned casting, free 
from burrs and fins, possesses excellent sales appeal, carefully 
planned cleaning equipment, though expensive in first cost, may 
prove well justified. 


25. Such investments in our case have not only given excellent 


returns but have resulted in improving the appearance of the 
product, which is not only desirable but virtually a necessity on 
defense work 





Fic 6-40 LB. Reservork PARTITION CASTING SHOWING A ROUGH AND A CLEANED CASTING. 
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DISCUSSION 


Presiding: JAMES THOMSON, Continental Roll & Steel Foundry Co., 
East Chicago, Ind. 

Co-Chairmen: W. R. JENNINGS, John Deere Tractor Co., Waterloo, 

Iowa. 
E. W. BEACH, Campbell, Wyant & Cannon Foundry Co., 
Muskegon, Mich. 

MEMBER: How do you arrive at the amount of shot? 

Mr. NYE: In order that the proper amount of shot may be fed to the 
wheels, the shot control is set so that a maximum current reading is 
obtained. We found on the cabinet machine that, while the wheel motors 
might draw a possible 25 amps. without overload, the maximum shot 
load obtainable was about 22 amps. If there is too much shot, the read- 
ing will fall off; if there is too little shot, it will also fall off. The ex- 
perienced operator can look at the ammeter and tell whether he needs 
a little more shot or a little less. To summarize, the shot feeds are set 
by the ammeter readings. 

Co-CHAIRMAN BEACH: Have you had any experience with the various 
special grades of shot in contrast with standard commercial grades? 
Are the castings you are cleaning straight gray iron? 

Mr. NYE: We clean some steel forgings and some bronze and brass 
castings. In regard to shot, in our paper we stated that the cost for 
abrasive is 4% cents per reservoir casting. That is a very high figure. 
We tried all varieties, from No. 25 down to as low as No. 14, and we 
found that the smaller the size, the less the consumption. However, if it 
is too far on the fine side, the castings have a rough appearance, whereas, 
when using the coarser shot, many barnacles, etc., are knocked off in 
the cleaning machine. We finally standardized on the No. 17 shot. Mr. 
Beach, as you have both types of equipment, I would be interested in 
your experience. 

Co-CHAIRMAN BEACH: We use the standard commercial products. 

Mr. NYE: Have you ever used any annealed shot? 

Co-CHAIRMAN BEACH: I can not give you the definite data, but, on 
our product, it did not show sufficiently better results to warrant using 
the processed shot. 

MEMBER: Have you any comparative cost figures on shot compared 
with a water blast carrying either sand or another abrasive, or plain 
water? 

Mr. Nye: No. I would like to express a personal opinion about that. 
I have seen that type of equipment working and have checked a number 
of cost sheets on it. In any airless cleaning equipment of the centrifugal 
type, the abrasive is one of the biggest costs. Our conclusions were that, 
for our particular types of castings, water blasting did not seem to be 
very well suited. The best applications I have seen of water blasting 
have been on very large castings. I have no complete data at hand on 
this question. 

MEMBER: Is that cieaning spread adjustable? 

Mr. Nye: There are different numbers of blades in the different 
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makes of wheels and what is called a control cage in the center. It is a 
round cylinder with a slot opening in the side. The shot comes down the 
feed spout to the wheel where the impeller picks it up and distributes it 
through the slot in the control cage to the blades of the wheel. The con- 
trol cage can be adjusted so that the slot is in different positions, which 
in turn affects the pattern of the wheel. In general, any adjustment is 
accomplished by moving the control cage around to change the pattern 
to throw in one direction or the other. As a rule, sizes are pretty well 
worked out to balance with the capacity of the feed pipes in order to get 
the maximum efficiency out of the wheel. The shot can be patterned 
with a steel plate or with a casting. There are two or three ways of 
doing it. The control can be adjusted and run for a few seconds, after 
which time the pattern is outlined by the amount of heat that is in the 
casting. The hot spot locates the center of impact intensity. 

MEMBER: Is there any place a distance away from the blades where 
there is greater efficiency? 

Mr. NYE: In general, these machines are patterned for maximum 
efficiency at about 36-in. from the wheel itself. I am not well versed 
enough in this particular phase of airless equipment design to go into 
detail on this particular point. However, on any that I have ever seen, 
work is usually cleaned at a distance of from 2 to 3 ft. from the wheels. 

MEMBER: I have just purchased one. There are two wheels revolving 
in opposite directions toward the center through which the work passes. 

Mr. NYE: Are the two wheels concentrating on the same point? 

MEMBER: Yes. 

Mr. NYE: They can be controlled to a surprising degree. The pat- 
tern can be set within 2- or 3-in. It can be set to an almost definite line 
of demarcation as to where the blasting is to stop and where it is to be- 
gin. At about 3 ft. away from the wheel, the pattern, as a rule, is from 
3% to 4 ft. in length. 

MEMBER: We locate ours with a plywood back drop. 

Mr. Nye: That would be a good way. We usually use a piece of 
steel plate. 

CHAIRMAN THOMSON: I have heard some criticism on the cost of 
running those machines because of the expense of the blades, etc. Can 
you tell us anything about that? 

Mr. Nye: The blades are expensive. If anyone were to quote on the 
cost per hour of running a machine of this sort, other methods might 
seem cheaper. That is true on the basis of cost per hour. However, 
when the production of one of these machines is considered, it offsets the 
relatively high operating cost. The biggest detriment to any foundry 
airless cleaning machine is sand in the abrasive. If the foundry has a 
good separation system, whereby all the sand can be taken out of the 
abrasive, the wear parts will last ten times longer than when sand con- 
taminates the abrasive. We make a cast iron valve body which weighs 
about 65 lb. When this casting comes out of the mold it has about 60 
lb. of core sand entrapped in the core passages, and when we put it into 
the airless mill just as it came from the knockout, we got only 10 hours 
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from a $20.00 set of wheel wear parts when running this job. We tried 
pre-tumbling for about 15 min., rolling it over in a barrel to remove the 
excess sand before running it in the airless barrel, to see what the effect 
would be. We got 100 hours of blade life, about ten times as much as 
before. A good clean abrasive means everything to low maintenance 
costs. If any one has a machine of this type, try scooping up a handful 
of feed shot, and, if it contains a fair percentage of sand, the separator, 
ventilation or method should be checked. It is bound to be causing ex- 
cessive wheel wear. In foundries running annealed mallable castings, 
steel castings after heat treatment, or work of that sort, wheel life is a 
matter of months, not of hours. In foundry work, the biggest detriment 
to efficient operation is dirty shot. 

CHAIRMAN THOMSON: Is it not the function of the manufacturer of 
the machine to provide sufficient ventilation, etc. for that? 

Mr. Nye: Yes. However, since conditions are different on nearly 
every job, the manufacturers do not hit the mark every time. 

MEMBER: What blade life are you getting? 

Mr. NYE: We average about 100 hours. This time is checked by 
means of an electric timer. On a continuous operating machine, where 
heat is a factor, there is not that much blade life. We are using an im- 
proved type of blade where we formerly used an older type which was 
thinner and did not have nearly that much life. 

Co-CHAIRMAN BEACH: Have you tried making your own blades? 

Mr. NYE: We tried that, but we never had much success. 

Co-CHAIRMAN BEACH: Did you try chilling? 

Mr. NYE: We tried everything we could think of without much suc- 
cess. 

MEMBER: I understand that you have a curve of cost between the air 
and airless barrel. What percentage of difference did you find on the 
tonnage basis? 

Mr. NYE: Our cost with air barrels was $3.96 per ton complete with 
air, power, labor, maintenance, supplies, etc. These cost figures are 
based on labor rates and material costs prevailing in our plant, and 
should not be considered as representing an average for this type of 
work. Using an airless barrel, our cost for labor, including the opera- 
tion and maintenance, is 70c per ton. Our cost for repair parts, etc., is 
86c per ton, giving a total cost of $1.56 per ton with airless equipment as 
compared with $3.96 per ton for the older type. 

MEMBER: On what comparative basis is the cost of air per hour? 
How do you base that on the cubic foot consumption? 

Mr. Nye: A %-in. nozzle uses‘about 103 to 104 cu. ft. of free air per 
min. at 100 lb. pressure per sq. in. The book of trade standards adopted 
by the CoMPRESSED AIR INSTITUTE gives the cost of air at 6c per 1000 
cu. ft. at 100 lb. pressure per sq. in. We checked that and found that 
ours was 5.6c per 1000 cu. ft. at 90 lb. pressure per sq. in. Therefore, 
the cost of operating a %-in. nozzle at 100 lb. pressure per sq. in. is about 
54e per hour. In the old type of barrel, the finish is nice and they do a 
good job, but the cost is quite high. In the barrels we formerly had, we 
had four nozzles in a row in each of three groups, and as they rolled 
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around, each set blasted through a certain degree of angularity. We 
had two compressors released for other service when we took our air 
barrels out. When it is put on an hourly basis, four good sized nozzles 
blasting all the while add a great deal to the cost of cleaning. 

I have talked mostly about sand removal. However, in the paper, I 
went into some detail on grinding wheels. There are a couple of details 
in this regard that I believe are worth stressing. One thing very often 
seen is grinding equipment that runs at improper speed, either over 
speeded which is very dangerous, or under speeded which is very costly. 
I would like to quote from the book “Grinding Wheels and Their Uses,” 
published by the GRINDING WHEEL MANUFACTURERS’ ASSOCIATION. “Tests 
show that the time taken per cut at 16000 surface ft. per min. is only &% 
as much as that taken at 4000 surface ft. per min., and that the wheel 
wear is only % as great at the higher speeds.” 

This shows that it is very important to get the right wheel speed. It 
is possible to get about 30 per cent more useful life out of your wheels 
with a multiple speed machine as compared with a single speed ma- 
chine. If anyone is thinking of buying a grinder, it is very important 
to get a machine which will not only do the job, but do it efficiently as 
well. I am very enthusiastic about multiple speed equipment. I was in 
a foundry a while ago when they were mounting some new wheels. They 
did not ring test them. The operator stood in front of the newly mounted 
wheels and threw the belt on. It made me nervous because I have seen 
wheels break. I want to stress the fact that the AMERICAN STANDARDS 
ASSOCIATION publishes a “Safety Handbook” which is available without 
charge. It is a good pamphlet. It is not too conservative, and it tries 
to be as fair as possible in its approach to every grinding problem. I 
think that there should be at least one man in every grinding department 
who is familiar with this code. It is a serious thing to have a grinding 
wheel break. 

CHAIRMAN THOMSON: How much time is lost in these snagging grind- 
ers where there are 3 sets of pulleys on changing belts? 

Mr. NYE: Ten or fifteen minutes. Changing the belts is not a hard 
job. It does add a lot to the usability of the wheel. Based on checks 
made shortly after we installed some multiple speed grinders, we found 
that we formerly used only 668 cu. in. of abrasive out of 1500 cu. in. of 
new wheel. After we installed the multiple speed grinders, we were able 
to get about 1060 cu. in. of useful wear from a wheel. 

MEMBER: Do you change your speeds on the 1- or 2-in. basis? 

Mr. NYE: We start off at 24-in., and we change at 20-in. 

MEMBER: We change on a basis of 2-in. Did you have any experience 
in comparing the rubber bonded wheel and the silica bonded wheel? 

Mr. Nye: The elastic bonded wheel, because it can be run at higher 
speeds, is more efficient and cuts faster. Machine maintenance is higher, 
but I do think that the speed of the cut offsets the higher maintenance, 
and the other objections to it, such as, for instance, its burning odor. I 
do not think, in our particular case where we have a number of medium 
speed grinders now in use, that it would ever pay to buy a lot of new 
equipment just to get the extra speed of cut. 











Training Sanity During the Emergency 


By D. F. Lanre*, Sparrows Pornt, Mp. 


Abstract 

In this paper the author explains the general appren- 
tice set-up of the Bethlehem Steel Company, covering the 
scope, qualifications of applicants, selection of applicants, 
probationary period, apprentice training schedule, assign- 
ment of work and progress record. He gives several rea- 
sons for the continuation and expansion of training pro- 
grams and tells what would be lost if regular apprentice- 
ship was abolished under the stress of emergency prob- 
lems. He then gives, in an appendix, a detailed analysis 
of the work schedule, suggests tools for foundry appren- 
tices, and shows the shop work rating card used in his 
company, together with an explanation of the rating sys- 
tem used. 


1. Today American industry is faced with the most gigantic 
production expansion program that has ever confronted any nation 
Vast numbers of ships, tanks, guns and airplanes must be produced 
in the shortest possible time if we are to remain a free people. 


MEETING THE DEMANDS OF WAR PRODUCTION 


2. The War Production Board has informed us that millions 
of new workers must be trained and other millions of present em- 
ployees must be taught higher skills. At the present time, there 
are about 514 million people employed in war industries. When 
our production program achieves its full stride, some 23 to 25 mil- 
lion people will be employed in the production of various war com- 
modities. 

3. We have been told that at least 90 per cent of all training 
must be done right on the job by foremen, assistant foremen, and 
experienced workers, and that almost 40 per cent of this work is 
strictly skilled. Skill of a higher order is required because of the 
need for interchangeability of parts. No matter who makes the 
parts, or in what section of the country they are made, when a bat- 








* Director of Training, Bethlehem Steel Co. 
Note: This paper was presented before the Apprentice Training Session, 46th An- 
nual A.F.A. Convention, Cleveland, O., April 21, 1942. 
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tery of anti-aircraft guns requires new tubes or barrels, each must 
fit exactly there is no time to fit or adjust them later. 

4. To take advantage of America’s vast producing capacity, 
every small industrial establishment will have to participate in 
some phase of the war effort. In many instances, the small manu- 
facturer may not be able to completely produce a war product be- 
cause of industrial limitations. It may be that only a fraction of 
a war product can be produced at one plant, necessitating the prod- 
uct to be sent to one or more plants before it is finally converted 
into a useful war commodity. Where such products must be farmed 
out to other plants, it is most essential that they be machined or 
processed to exacting limits. Otherwise great difficulty and con- 
fusion will result when the product is being assembled. Appren- 
ticeship, in many respects, will provide the higher skills that are 


necessary to meet the demands of war production. 


THE IMPORTANCE OF APPRENTICE TRAINING 


5. Through the farsightedness of the management of Bethlehem 
Steel Company, training programs have been maintained for many 
years at its various plants to insure a constant supply of semi- 
skilled and professional personnel. These programs are being in- 
tensified continuously to meet the demands of war production. 

6. The training program at the Sparrows Point plant has been 
custom built around the needs of the organization. Its objectives 
are to provide skilled operators, skilled mechanics, potential fore- 
men, supervisors, draftsmen and to train college graduates who 
in the future will be eligible for advancement to responsible posi- 
tions 
7. In view of the fact that the above training programs have 
been in operation over a period of years and have satisfactorily 
yielded trained personnel to take their respective places in our 
steel producing plant, these programs are being expanded rather 


than curtailed during the emergency. 


APPRENTICE TRAINING PROGRAM 


8. The Sparrows Point plant of Bethlehem Steel Company 
manufactures, among other things, pig iron, brass and iron e¢ast- 
ings, blooms, billets, slabs, rails, all types of plates, sheet bars, steel 
strip, skelp, wire, wire rods, strand, nails, and all types of cargo- 


carrying vessels. 














D. F. LANE 517 


9. Since approximately 20 per cent of all the employees working 
in the steel plant are more or less engaged in maintaining the steel 
producing facilities, apprenticeship programs have been set up so 
as to insure an adequate supply of skilled craftsmen. 

10. To attract high grade young men for permanent employ 
ment in the various trades embraced within the scope of the com- 
pany’s activities, an organized program of apprentice training was 
inaugurated many years ago to give new employees systematic 
training on the job as well as related technical instruction in the 
classroom. 

11. The major purpose of the training program outlined here 
is to provide a well-rounded training and education in the practical 
and theoretical phases of certain occupations for the young men 
employed as apprentices by the company. The attainment of this 
major purpose should be gained through associations and proce- 
dures that encourage and develop good citizenship, pride in crafts- 
manship and economic stability. 

12. In all of the shops where apprentices are engaged, a defi- 
nite plan of training has been worked out so that when an appren- 
tice completes his trade he will have explored it to its fullest extent, 
thus producing a versatile craftsman. Several years ago, an 
analysis was made of all trades, breaking them down into their 
component parts, such as operations, processes, skills, tools and 
related information. From this, lists were made on which appren- 
tices may check their diversity of operations and skills as they 
progress through the stipulated learning period. 

13. <A skilled worker should be intelligent and well-informed 
and should possess a high degree of adaptability. To develop this 
type of a man, it is necessary that the apprentice be given related 
technical and general instruction. In the first place, this will give 
him such technical knowledge as cannot be made available during 
regular working hours. Second, it will impart to him a knowledge 
of industry and society that will enable him to become a good work- 
er as well as an intelligent citizen. In addition to developing the 
technical and general knowledge necessary for intelligent and effi- 
cient employment, such an apprentice’s instruction has emphasized 
the importance of keeping up-to-date with current technical in- 
formation. 


14. Summing up, it might be said that the aim of the company 
is to provide an opportunity for ambitious young men to receive 
systematic training and instruction suited to their individual abil- 
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ities, inclinations and education, so that their productivity and 
value may be developed to the fullest extent ; also, to create a large 
croup of broadly trained, skilled, loyal and intelligent mechanics 
for service in the plant, from which foremen, supervisors and other 
members of the supervisory force may be recruited from time to 
time 


Upe 
the present program is confined to the follow- 


15 The scope O 
ing trades in which apprentices are indentured: Blacksmith, brick 
laying, carpentry, coppersmith, electrical, foundry, locomotive re- 
pair, machinist, machinist (outside), machinist (electrical), pat- 
tern, pipe, roll turning, sheet metal, structural iron worker, tool 


and die making. 


Qualifications of Applicants 

16. It is mandatory that all applicants for apprenticeship shall 
have passed their eighteenth birthday but not yet passed their 
twentieth birthday 

17. The applicant is required to have completed the tenth grade 
of the publie school system, or its equivalent. However, present 
practice limits consideration to high school graduates who have sat- 
isfactorily completed the following subjects: 1 year of algebra, 1 
vear of geometry, 1 year of mechanical drawing, 1 vear of trade 


practice 1 vear of general science. 


Nelection of Applicants 

18. Perhaps the greatest problem confronting those engaged 
in personnel work is that of selecting new employees. To make the 
selection more objective, all applicants for the past several years 
have been subjected to a comprehensive examination, to determine 
their academic fitness for apprenticeship. The examination includes 
the following subjects: English, drawing, geometry, mathematics 
and general science 

19. The applicant is not selected on a basis of the examination 
alone. His high schovl record is taken into consideration as well 
as his rank in his graduating class. If the high school record and 
test score are above 70 per cent, the applicant is given a shop inter- 
view by the general foreman of the trade in which he is most inter- 
ested. This presents him with the opportunity to look the shop over 
and to ask any questions pertaining to it. If he receives a favor- 
able rating from the general foreman, the applicant is granted a 
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further interview with the superintendent of the division. If the 
superintendent feels that he possesses all the potentialities neces 
sary for apprenticeship, he approves the application and returns it 
to the training division, where it is placed on the eligible list. It 
remains there until such time as there is a call from that particular 
shop. Then applicants are selected accordingly. 

20. When the applicant presents himself for employment, his 
health and general fitness are determined by a medical examina- 
tion by a company physician 


Probationary Period 

21. An applicant who has been tentatively accepted for appren 
ticeship training, is required to serve a probationary period of 500 
working hours, or approximately 3 months. During this time, he 
receives the regular course of class and shop instruction, and his 
aptitude and fitness for his chosen trade are observed carefully. At 
the expiration of the probationary period, the training division and 
the head of the shop department jointly determine the desirability 
of continuing the applicant in the training course. All applicants 
who have been approved, together with their parents, enter into an 
apprenticeship agreement with the company, whereupon they be- 
come duly qualified apprentices. 


Apprenticeship Period 

22. The apprenticeship period is considered as having started 
with the beginning of the probationary period and continues for the 
full term, in accordance with the terms of the agreement, unless 
earlier terminated as therein provided. 

23. The regular period of apprenticeship is 8000 hours, or ap- 
proximately 4 years. Applicants for apprenticeship training may 
be admitted into the shop course any time during the year. How- 
ever, they are admitted to classroom work only during the months 
of September and February. 

24. No advance credit for shep training or classroom training 
is given to any applicants, but they are required to begin with the 
first tasks and demonstrate their ability to perform them satisfac- 
torily. 


Schedule of Training 
25. The training and instruction of apprentices in the shops 
follow a regular schedule of tasks and duties. Apprentices are ad- 
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vanced from one task to another as rapidly as their attainment of 


skill and proficiency may warrant. They are under the direct su- 
pervision of a shop instructor or apprentice foreman. 

26. Each apprentice receives 4 hours of classroom instruction 
per week. This is broken up into two 2-hour classes a week, which 
last for the duration of the semester. The first semester starts in 
September and ends on the last of January, while the second semes- 
ter starts on the first of February and continues until the last of 
June. In other words, the apprentice is given 10 months of class- 
room instruction covering the technical side of his trade. 

27. All technical instruction is developed and administered by 
the apprentice school staff. The apprentice school is not associated 
with any outside educational agency. The courses are presented by 
part-time instructors who are journeymen mechanics or engineers 
selected from our own organization because of their trade profi- 
ciency and ability to teach. Many of the instructors hold college 
degrees 

28. Courses of study covering the 4-year term have been de- 
veloped by the shop instructor of each trade, together with the su- 
pervisor of apprentices. Each course is approved by the depart- 
ment head of each trade. 


29. ‘Table 1 shows a schedule of processes* that foundry appren- 


Table 1 


SCHEDULE OF PROCESSES FOR FOUNDRY APPRENTICES 


Months 

Core Shed 5 
Floor—Helping 3 
Physical Laboratory 2 
Side Floor 6 
Chemical Laboratory 2 
Bench Molding 5 
Pattern Shop 2 
Machine Molding 3 
Sand Conditioning and Testing y 
Brass Foundry 3 
Office Routine 1 
Cupola 2 
Machine Shop 2 
Main Floor Work 10 

48 


For detailed information on schedule of processes see Appendix, p. 527. 
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tices follow in the shop and Table 2, the curriculum covered in the 
classroom. 


Table 2 


CLASSROOM CURRICULUM FOR FouUNDRY APPRENTICES* 


Ist Year 
September to January February to June 
2 hrs. Blueprint Reading 2 hrs. Mechanical Drawing 
2 hrs. Foundry Practice 2 hrs. Foundry Practice (con’t) 


2nd Year 


2 hrs. Practical Shop Mathe- 2 hrs. Practical Shop Mathe- 
matics matics 
2 hrs. Pattern Making 2 hrs. Pattern Making (con’t) 
3rd Year 
2 hrs. Machinery’s Handbook 2 hrs. Machinery’s Handbook 
2 hrs. Advanced Foundry 2 hrs. Advanced Foundry 
Practice Practice 
4th Year 
2 hrs. Metallurgy 2 hrs. Advanced Metallurgy 
2 hrs. Industrial Economics 2 hrs. Foremanship 


Apprenticeship Certificate 

30. Upon satisfactory completion of the apprenticeship train- 
ing course, the apprentice is awarded the standard size certificate 
(14x17-in.) as well as a billfold certificate (214x4-in.) which certi- 
fies to his length of service and training and to his qualifications 
as a full-fledged journeyman in his chosen trade. At the comple- 
tion of 8000 hours, each apprentice receives a substantial bonus. 
Incidentally, this bonus is in addition to the pay the apprentice 
receives throughout the course. 


Assignment of Work 

31. When the apprentice has finished his period of orientation 
in his trade, he is then assigned to a particular type of work. The 
kind of work to which he is assigned depends upon his previous ex- 
perience and education. However, every effort is made by the 
general foreman to place the apprentice in the type of work for 
which he is best adapted by experience, skill and interest. A few 
vyraduate apprentices are placed in departments other than those 
in which they had been trained, either because of the need of such 


* Fach course is given 2-hours per week 
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departments or because of their interests and qualifications. Re- 
cently a number of graduate apprentices have been placed in engi- 
neering departments throughout the plant. 


Progre ss Record 

32. After the apprentice has been assigned to a particular type 
of work fitting his abilities and aspirations, he is given a reason- 
able amount of time to make good and to progress on the job. Every 
6 months, a progress record card is sent out from the training divi- 
sion to the general foreman of the various departments employing 
apprentices, asking for information relative to their interest, at- 
titude, workmanship and potential growth. These progress records 
give quite an accurate check on the career of a graduate apprentice. 
This information is very helpful in ascertaining the upgrading of 
qualified employees for subsequent advancements. 


EXPANSION OF TRAINING PROGRAM 


33. We, at the Sparrows Point plant, are, at the present time 
continuing and expanding our apprenticeship program for the fol- 
lowing reasons: 

l Due to the increased activity of industry it is difficult, 
or next to impossible, to secure skilled mechanics except 
by apprenticeship. It is accepted by all at our plant that 
an apprentice with a year or more of apprenticeship is 
far better’ qualified than any mechanic obtainable 
through the employment office. 

2) In view of the fact that most of the work in the mainte- 
nance shops at Sparrows Point is of a jobbing nature, 
that is, two jobs seldom alike, it is most essential that the 
working force consist of versatile craftsmen of the high- 
est type. Apprenticeship is the only means of securing 
such mechanics during the present emergency. 

(3) For the past 10 years, the Sparrows Point plant has been 
continuously expanding its steel-producing facilities. As 
these facilities are increased, the maintenance depart- 
ments must expand in equal proportion, which calls for 
additions to the skilled force. The skilled mechanics 
necessary have been made available through long-range 
apprenticeship. 

4) To effectively produce versatile craftsmen who can han- 
dle any job flowing through the shop, regardless of 
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(dD) 


(6) 


origin, it is desirable that the craftsman shall have had 
some experience and training pertaining to the source of 
such jobs. This can only be made possible by means of 
a flexible apprenticeship program. At the Sparrows 
Point plant, all apprentices are assigned to the various 
steel-producing departments for specified periods, vary- 
ing in length according to the trade and its relationship 
to the producing unit. 

During the emergency, it is becoming difficult to secure 
a high-grade, well-balanced individual. However, where 
carefully-planned, long-range apprenticeship programs 
exist, such as at the Sparrows Point plant and elsewhere, 
many outstanding young men will be attracted to ap- 
prenticeship because of the opportunities offered. Some 
of these opportunities are: 

(a) An attractive starting rate—most industries no 
longer penalize apprentices while learning a 
trade. 

(b) <A graduated wage seale providing for a substan- 
tial increment every 2,000 hours. 

(c) Opportunity to explore every technical process 
and skill in any particular craft. 

(d) Opportunity to continue one’s education beyond 
high school. Technical information is offered 
during the work day which, in many cases, is 
comparable to curricula in colleges or univer- 
sities. 

(e) A more regular employment. 
f) <A certificate upon completion of the course. 

(g) <A broad educational foundation which later 
promises reasonably continuous employment and 
opportunities. 

(h) Opportunities for serving the country in the 
first line of defense during the present emer- 
gency. 

Apprenticeship at the Sparrows Point plant is not only 
designed to add to the supply of craftsmen required for 
industrial expansion, but also to replenish the normal 
‘‘turn-over’’ in the trade resulting from retirement, ill- 
ness, death, transfers or the upgrading of craftsmen to 
other fields of employment. 
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From a cost standpoint, apprenticeship more than pays 
for itself over a period of time. Where apprenticeship 
is organized on a sound basis, the results in productive 
efforts far exceed the initial cost of setting up supervi- 
sory and clerical personnel to administer the program. 
Apprenticeship at Sparrows Point is distinetly a paying 
proposition. 

We, at the Sparrows Point plant, are proud of the fact 
that over a period of years our apprentice turnover has 
been less than 3 per cent. We have had few malplace- 
ments brought to our attention. Once an apprentice is 
earefully examined and selected, he is placed in a eraft 
of his particular choosing and exposed to the schedule of 
shop processes and classroom work. Most of the boys 
meet this challenge and give forth their best efforts to 
successfully complete the graduated tasks before them. 

Apprenticeship tends to stabilize employment. 

The present industrial expansion program has neces- 
sitated additional numbers of supervisors, foremen, tech- 
nicians, lead men, ete. At the Sparrows Point plant, 
many of these positions have been filled by people who 
have served a four-year apprenticeship. 

It has been our experience that the man who has been 
thoroughly trained in the fundamentals and manual 
skills of a particular craft has developed a methodical 
approach when called upon to interpret objectively, 
analyze and reason. When a man has had experience in 
taking something apart, and putting it together again 
with his hands, he can usually do it in his mind. When 
he can do it successfully in his mind, he is also able to 
direct the efforts of other people. 

Industry is constantly changing regardless of economic 
conditions. When one occupation goes out, another comes 
in. The demand for skilled workers persists, and the per- 
son who has acquired all the basic skills of one oceupa- 

tion can more easily and quickly acquire the new or ad- 

ditional skills of another occupation. 

When the emergency is over, industry is going to need 
men with ability and vision. The trained man who has 
graduated from a sound apprenticeship program will do 
much to solve the problems of the future. 
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EFFECTS OF ABOLISHING APPRENTICESHIP 


34. Should our regular apprenticeship be abolished under the 
stress of emergency problems, we would be compelled to forege 
many distinct advantages which are of utmost importance at the 
present time. 


(1) With apprenticeship abolished, the lower standards 
would make it difficult to secure the same caliber indi- 
viduals to carry on the work. 

(2) Elimination of apprenticeship would cause increased 
spoilage, rejects, and accidents and excessive wear and 
tear on equipment. Production would be greatly re- 
tarded and costly inspection inescapable. Costs in gen- 
eral would have a tendency to rise. 

3) If single-purpose men were utilized in place of general 
mechanics there would be an additional increase in labor 
turnover. 

(4) Where a corps of single-purpose men take the place of 
versatile craftsmen, a greater number of men will usually 
have to be employed. In a jobbing shop where work is 
so diversified and where so many operations require a 
high degree of skill, many more people would be needed 
because, over a limited period of time, each could develop 
only a small fraction of the total skill required. A num- 
ber of persons, each possessing a small degree of skill, 
would be needed to take the place of one all-around me- 
chanic. The single-purpose man is generally not as stable 
a worker, and this also adds to the number of men em- 
ployed. 

(5) Additional supervision would be required in_ trades 
where apprenticeship was abolished in favor of single- 
purpose men, due to the greater number and lower 
quality of the men. 

(6) When a person is not grounded in the basic fundamentals 


of his job, he is likely to lack the confidence to go ahead 
with his work. Where this occurs, the supervisor like- 
wise loses confidence in the workman. 

(7) During the apprenticeship period, the apprentice is ro- 
tated from job to job and operation to operation. He 
discovers that there are certain things that he can do best. 
Upon completion of his apprenticeship, he might spe- 
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cialize in this one phase of the work. If apprenticeship 
were abolished, many latent abilities would not be dis- 
covered. 

(8) Eliminating apprenticeship, we feel, would greatly im- 
pair the future growth of potential foremen, supervisors, 
general foremen, technicians, ete. 

(9) After the emergency, it would be difficult to absorb large 
numbers of limited craftsmen and single-purpose men. 
The permanency of such a man’s tenure would be con- 
ditional. 

10) If apprenticeship was abolished by my company and fi- 
nally became extinct on a national basis, it would only 
take a generation before many of the basic fundamentals 
of a craft would be lost forever. This would undoubtedly 
have a marked effect on our national social status. Ap- 
prenticeship is the only means of perpetuating the in- 
dustrial skills of the past. 

(11) Substituting single-purpose men for apprentices or 
skilled craftsmen in shops that have in the past been 
traditionally apprenticed, would, to my mind, greatly 
reduce the morale of such shops. 


35. For all of these reasons, elimination of apprenticeship is 
inconceivable. Abolishing apprenticeship at the present time would 
court disaster. Instead of curtailing, we should all encourage its 
expansion. Skill is the key to production. 


AMERICA’S PRODUCTION PROBLEM AND APPRENTICE TRAINING 


36. American industry has attained world leadership because 
of its ability to produce. American industry is today confronted 
with the greatest production problem that was ever conceived by 
man. The only way we are going to defeat the Axis Powers is to 
produce in a short time more than what it took them 9 years to 
produce. 

37. Good sound apprenticeship programs will greatly hasten 
our accomplishing that fact. 

38. According to the American Iron and Steel Institute and the 
War Production Board, there has been an average increase in iron 
and steel castings from 45 to 50 per cent since 1938. Just what the 
inerease will be in 1942, 1943 and 1944 nobody knows. The foundry 
industry should take on more apprentices and start apprenticeship 
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programs. The sooner America’s forces have superiority in equip- 
ment, the sooner will come ultimate peace. 


Appendix 
Founpry SHOP 


In the foundry shop the apprentice is required to observe shop regula- 
tions and safety rules. A booklet of safety rules is issued and these rules 
are explained by the various shop foremen. The apprentice must attend 
various safety meetings. 

Leggings and goggles must be worn by the apprentice while handling 
or working around hot metal. The apprentice is cautioned never to stand 
under suspended loads. The proper method of handling hot metal and 
the use of metal skimmers are pointed out. 

The apprentice is taught Safety First and that a clean orderly shop 
promotes safety, makes the job easier and eliminates lost motion. 





SuGGEsTED TOOLS FOR APPRENTICES IN FOUNDRY 


1—6 ft. rule 1—Wet bulb 
1—Hammer 1—Set of flask pins 
3—Trowels 1—-Gate gutter 
1—Brush 1—Rub 
1—Level 1—Bellows 
1—Pair of pliers 1—Bosh or swab 
1—Rapping bar 1—Monkey wrench 
3—Draw screws 1—Riddle or sieve 
4—-Lifters i—Shovel 
1—F lange tool 1—Set of wedges 
2—Pipe tools 2—Pairs of clamps 
1—Button tool 1—Strike 
3—Slickers 1—Set of calipers—inside and 
4—Hub tools outside 
1—Double-end tool 
SCHEDULE OF PROCESSES 
Core Shed—5 months b. Small cores for brass. 
: : c c. Large cores for brass. 
1. Apprentice is given safety d. Large cores for iron. 
talk by foreman. e. Cores for aluminum. 


2. Apprentice is taught how to 
operate core oven. 


7. Core binders. 
a. Purpose. 


a. Keep fire. b. Kinds. 
b. Observe (1) Clay. 
(1) Baking time. (2) Oils. 
(2) Baking temperature. (3) Cereal. 
3. Charging core oven. c. Proportion. 
4. Unloading core oven. 8. Operating core machine 
5. Delivering cores to proper job. a. Stock cores. 
6. Learning core sand mixtures. (1) Cut size. 


a. Small cores for gray iron. (2) Black. 
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9, Making small cores on bench. 3. 
a. How to vent core. 
(1) Wire. 
2) Wax. 
b. Use of core plates. 
c. Use of core driers. 
d. Reinforce core with 
(1) Nails. 
(2) Rods. 
(3) Wires. 
e. Proper ramming of core. 
f. Pasting cores together. 
g. Blacking cores. 
10. Helping coremaker on floor. 
a. Mixing core sand. 
b. Placing arbor, rods and 
bars. 
c. Ramming cores. 
d. How to vent large cores. 
e. Placing lifting hook. 
f. Preparing core plates for 4 
core. 
g. Black cores. 
h. Sweep large cores. 
11.. Making arbors for cores. 
a. Laying out arbors in bed. 
b. Placing lifting hook. 
c. Pouring arbors with cu- 
pola iron. 
Floor—Helping—3 months 
1. Safety rules. 
2. Assembling material for job. 
a. Pattern. 
b. Flask, cope, drag and 
cheek. 
ce. Gate stick. 
d. Facing sand. 
e. Back up sand. 
f. Parting. 
g. Runner box. 
h. Anchors. Side 
i. Weights. 3 
j. Sea coal for blacking. 
k. Gaggers, rods, nails, etc. 
1. Glay wash. 
m. Vent pipe and charcoal. 
n. Molasses water. 
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Equipment and how to use it. 
Flask. 

(1) Cope. 

(2) Drag. 


a. 


(3) Cheek. 
(4) Mold board. 
(5) Bottom board. 
b. Gaggers. 
c. Nails. 
d. Rods. 
e. Anchors. 
f. Lifting plate. 
g. Arbors. 
h. Chaplets. 
i. Shovel. 
j. Riddle. 
k. Hand rammer. 
1. Pneumatic rammer. 


m. 
n. 


Clamps and wedges. 
Molders tools. 


. Observing and helping in the 


following operations for both 
simple and complicated molds: 
a. Bed in patterns. 
b. Face molds. 
c. Ram molds. 
d. Rap patterns. 
e. Draw patterns. 
f. Cut gates. 
g. Dress mold. 
. Place cores. 
i. Methods of venting mold 
and core. 
j. Closing the mold. 
<«. Calculate weight re- 
quired to hold cope. 
]. Build runner box. 
. Pouring operation. 
. Drying molds. 
Making and pouring 
open sand molds. 


» Floor—6 months 

Assemble material for the fol- 
lowing jobs: 

(see floor work—2) 


a. Simple one piece pat- 
terns. 
b. Simple one piece pat- 














10. 


11. 
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simple core. 

c. Simple parted patterns. 

d. Simple parted patterns 
with simple core. 

. Oil strainer body. 
Housing. 

. Bearing bottoms. 

. Bell mouths. 

Rolls. 

Fittings. 

(1) 
(2) Tee. 

(3) Ell. 

(4) Y. 

k. Aprons. 

]. Furnace doors. 

m. Grate bars. 

n. Ascension pipe for coke 
oven. 

o. Pistons. 

p. Barrels. 

q. Gears. 

r. Manifold. 


terns with 


= Se ho 


Cross. 


Bench Molding—5 months 
a 


Simple pattern. 
a. Flat back. 
b. Bushings. 
ce. Split patterns. 


. Use of match plates. 

. Placing cores and anchors. 

. Use of nails to reinforce mold. 
. Methods of gating and riser- 


ing. 


3. Proper use of the swab. 
. Dressing the mold. 


a. Patching broken places. 

b. Black mold with plum- 
bago. 

c. Place cores and vent. 

d. Cut gate at proper place. 

e. Proper size of gate. 


. Effect of head on the casting. 
9. Proper weight to hold down 


cope. 

Pouring operation. 
a. Pouring temperature. 
b. Rate of pouring. 

Defects caused by 


improper 
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pouring. 

a. Washes. 

b. Mis-runs. 
Improper pouring 
ture. 

a. Burnt on sand. 

b. Shrinks. 

c. Porous castings. 


tempera- 


Machine Molding—3 months 


B. 


Squeezer and draw machine. 


a. Mechanics of the ma- 
chine. 
(1) How constructed. 
(2) How to operate. 
(3) Name and use of 


each part. 
(4) Oiling system. 
b. Mount plate on machine. 
ce. Filling flask with sand. 
d. Squeeze. 
e. Rap and draw. 
f. Dress mold. 
g. Use of the snap flask. 
h. Pouring molds. 


Sand Conditioning and Testing— 
2 months 


3. 


9 


a] 
vu. 


Requirements of a molding 
sand. 

a. Permeability. 

b. Bond. 


c. Refractory. 
Chemical analysis. 
a. Silica. 
b. Alumina. 
c. Ferric oxide. 
d. Lime. 
e. Magnesium. 
Sand tests. 
a. Permeability. 
b. Screen analysis for grain 
fineness number. 
c. Clay content. 
d. Green sand strength. 
e. Moist content. 
f. Dye absorption test. 
g. Sintering test. 
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4. Re-claiming sands. 
5. Facing sand mixtures. 
6. Core sand mixtures. 


Office Routine—1 month 
1. Time keeping. 
2. Orders. 


3. Shipment of castings. 
a. Weight of each. 


b. Quantity shipped. 4. 
c. Charge to proper ac- 5. 
count. 


6. 


Cupola—z months 
1. Safety rules. 
2. Observe the following opera- 
tions: 
a. Clear drop. 
b. Repair lining. 


c. Make bottom. l. 


d. Light. 

e. Charge. 

f. Melting. 

g. Tapping metal. 

h. Tapping slag. 

Bott to stop flow. 

3. Information. 

a. Iron-coke ratio. 

b. Blast pressure. 

c. Blast volume. 

d. Coke in bed. 

e. Height of bed charge. 

f. Pounds of iron per 
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b. Risers. 

c. Placing cores. 

d. Securing cores. 

e. Closing. 

f. Weighting 

figuring). 

g. Pouring. 

h. Shake out. 

i. Chipping and cleaning. 
Inspecting (cause of defects). 
Shipping (including proper 
loading). 
In this period, special effort 
should be made to learn the 
most suitable compositions 
and elements necessary for 


(method of 


each job. 


Physical Laboratory—2 months 


Safety rules. 
Assorting test bars according 
to 
a. Heat number. 
b. Test number. 
c. Customer number. 
d. Grade of material. 
e. Type of test. 
(1) Yield point. 
(2) Tensile stress. 
(3) Elongation. 
(4) Reduction. 
(5) Bend test. 
(6) Brinell test. 


charge. 3. Milling machine (observing 
g. Melting ratio. and operating). 

h. Caleulate charge from a. Type of work. 
known pig iron analysis. (1) Mounting specimen. 
i. How to alloy with nickel, (2) Cutting parallel sur- 
chromium and _  molyb- faces on tensile test 

denum. specimen, 
(3) Milling samples for 

Main Floor Work—10 months chemical tests. 

1. Study of sections and uses 4. Drill press (observing and 


of product. 
2. Equipment necessary for 


molding. 
3. Molding — green dry and 
skin dry. 


a. Gating. 





operating). 
a. Type of work. 
(1) Drilling for chemical 
tests. 
(2) How to sharpen 
drills. 
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5. Power saw (observing and 
operating). 
a. Preparing specimen for 
tests from large samples. 
6. Shaper (observing and op- 
erating). 
a. Preparing specimen from 
burned test bars. 
7. Bend test machine (observing 
and operating). 
8. Universal grinder (observing 
and operating). 
9. Surface grinder 
and operating). 
a. Grinding for etching. 
10. Tensile test machine (observ- 
ing and operating). 
a. Type of work. 
(1) Preparing specimen 
for machine. 
(a) Obtaining 
sectional area. 
(b) Marking specimen 
for elongation. 
(2) Mount specimen. 
(3) Apply load. 
(4) Reading the load. 
(a) Yield point load. 
(b) Maximum load. 
(c) Measuring broken 
specimen for 
elongation 
reduction. 
(5) Calculating data. 
(a) Yield point. 
(b) Tensile stress. 
(c) Elongation. 
(d) Reduction of 
area. 
11. Brinell machine 
and operating). 
a. Preparing specimen. 
b. Applying load. 
c. Reading and 
data. 


(observing 


cross- 


and 


(observing 


recording 


Chemical Laboratory—2 months 
When apprentices are assigned 
to the laboratory, they are first in- 
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structed in the preparation of iron 
and steel samples for analysis. 
Such sampling includes the drill- 
ing of open-hearth pit tests, pre- 
liminary steel tests and cast sam- 
They 
are instructed as to manner of 
pouring these tests, type of mold, 
etc., suited to mechanical sampling. 
An effort is made to describe the 
various types of steels and pig 
irons and their production and 
properties. This description must 
of necessity be very brief. 

Having had some practice in 
sampling, the apprentices are then 
assigned as helpers to analysts and 
learn the routine analytical con- 
trol of usual elements in iron, as 
silicon, sulphur, phosphorus, man- 
ganese, etc., as well as analysis of 
blast furnace slags. They are en- 
couraged to correlate analysis of 
metal with furnace temperature, 
slag composition, etc. While so 
employed, they become familiar 
with the nature of alloying ele- 
ments found in irons and usual 
ranges of compositions. 

When this assignment is com- 
pleted, they are given an oppor- 
tunity to experiment with analysis 
of brasses, bronzes, and white 
metal alloys. In this work, they 
become familiar with the general 
compositions of lead base and tin 
base babbitts, bearing and other 
bronzes and form some idea as to 
uses for which these alloys are 
intended. 


ples from blast furnace. 


Pattern Shop—2 months 
1. Learn safety rules. 
2. Pattern woods. 

a. Kiln-dried. 
b. Air-dried. 
ce. Wind. 
d. Warp. 
e. Names. 
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(1) Sugar pine (soft). (21) Spoke shave. ) 
(2) Cherry (hard). 7. Power tools—method of driv- FA 
f. Measurement. ing. { 
(1) Board foot. a. Name, use of, observing “4 
8 Glue. operator and operating : 
=. Geures. the simple machines. ; 
b. Preparation. (1) Jointer. a 
ce. Care. (2) Planer. ; 
d. Use. (3) Band saw. 
' (4) Circular saw. 
4. Shellac. (5) Lathe. 
a. Source. 
b. Preparation—red, yellow (a) Face plate. 
a ta (b) Cylindrical. 
ce. Care of shellac and (6) Sander. 
brushes. (a) Disk. 
a Wes (b) Spindle. 
- (7) Dowel pin machine. 
5. Other materials used. (8) Band saw sharpener. 
"a Sandpaper. (9) Core box machine. 
b. Chalk. (10) Drill press. 
be Nails. 8. Pattern colors. 
d. niga a. Machine surfaces. 
e. Putty. b. Un-machined parts. 
f. Wax. : 
: ce. Core prints. 
2. Leather fillets. d. Stop off. 
h. Corrugated fasteners. e. Seats for loose pieces. 
6. Hand tools: 9. Use of drawings. 
a. Names and uses of: a. Stock allowance. 
(1) Saws. b. Shrinkage. 
(2) Planes. c. Draft finish. 
(3) Chisels. d. Simple construction. 
(4) Gouges. e. Placing core prints. 
(5) Brace and bits. 
(6) Squares. Brass Foundry—8 months 
(7) Bevels. 1. Learn safety rules. 
(8) Rules. a. Attend safety meetings. 
(9) Marking gage. 2. Floor molding (assisting 
(10) Dividers. molder). 
(11) Trammel. a. Green sand molding. 
(12) Calipers. (1) Proper flask. 
(13) Hammer and mallet. (2) Location of gate. 
(14) Screw driver and (3) Facing sand. 
awl. (4) Back-up sand. 
(15) Pliers and clamp. (5) Ramming drag and 
(16) Wood files. cope. 
(17) Oil stones and slips. (6) Drawing pattern. 
(18) Fillet irons. (7) Dressing mold. 
(19) Nail set. (8) Placing core. 
(20) Bench knife. (9) Clamping mold. 











D. F. LANE 533 




















SHOP WORK RATING CARD B.8.Co. Plant 
Name Check No. 

Dates: From to 

Job or Machine Hours 

Foreman Shift 








Rating for Period Covered by this Card 
































Rating Points| Ratin 
1. Speed = 100 per cent - Outstanding 
2. Accuracy 
%. Corfidence 3= 90 per cent - Excellent 
L. Attitude 
5. Judgment 2= 80 per cent = Good 
6. Economy 
7. Safety 1 = 70 per cent - Poor 
8. Set-up 
AVERAGE O = 60 per cent - Failure 




















SuHop Work Ratina Carp 


Speed —Working rate of doing a job. 

Accuracy —Quality of exactness, correctness or precision in which 
work has been done. 

Confidence —The degree of assurance or belief entrusted to a person tc 
carry a job through to completion. 

Attitude —The state of mind a person is in due to his interest, be- 
havior or conduct and how these traits affect his work, 
superiors, etc. Ability to cooperate with others. 


Judgment —The faculty of determining the correct procedure to follow 
on a job. This is usually based on past experience and 
education. 

Economy —Practical systematic operation of tools and equipment. 
Elimination of waste. 

Safety —The condition of setting up a job or actual participation 
on the job which is absolutely free from any danger. 

Set-Up —The state of preparation or fixing of materials, job or 


equipment to be later processed. 


(10) Pouring mold. (2) Bottom gate. 
b. Skin dry mold. (3) Pop gate. 
(1) See 2 a. (4) Horn gate. 
(2) Applying heat to (5) Whirl gate. 
face of mold. 3. Mixing metals. 
ce. Dry sand molding. a. Virgin metals. 
(1) See 2 a. b. Scrap of known analysis. 
(2) Drying the mold. c. Using both a and b. 
(a) Gas torch. 4, Observing melting equipment. 
(b) Oven. a. Electric furnace—direct- 
d. Methods of gating. are. 


(1) Top gate. b. Oil-fired, open-flamed. 
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lilting crucible. e. Facing. 
d. Stationary crucible. f. Recessing. 
5. Observing cleaning equip- 4. Helping on horizontal boring 
ment. mill. 
a. Chipping. a. Drilling and spot facing. 
b. Grinding. b. Boring. 


ec. Abrasion cut-off. c. Reaming. 
d. Washing. d. Tapping. 
6. Definition of foundry terms e. Horizontal and vertical 
facing. 
Machine Shop—2 months f. Recessing. 
1. Safety rules. g. Fly cutting. 
2. Helping on large planer. 5. Observing machine and op- 
a. Flat horizontal machin- erator. 
ing by having head a. Shapers. 
square with table. b. Slotters. 
b. Setting head to a given c. Lathes. 
angle. d. Millers. 
ce. Flat horizontal machin- e. Gear cutting machines. 
ing by use of two heads. f. Grinders. 
d. Vertical machining by 6. Simple jobs on bench, floor 
use of side head. and drill press. 
3. Helping on vertical boring a. Flanges. 
mill. b. Stanchions. 
a. Drilling. ec. Brass bushings. 
b. Boring. d. Filing edges on gear 
c. Reaming. teeth. 
d. Cylindrical turning. e. Jig drilling. 


DISCUSSION 


Presiding: C. J. FREUND, University of Detroit, Detroit, Mich. 

Co-Chairman: J. G. GOLDIE, Cleveland Trade School, Cleveland, O. 

C. C. ApAms!: I want to compliment Mr. Lane on the wonderful im- 
provement that he has made in the employees of our foundry. Every 
boy he has placed there has been a great improvement over those turned 
over to us during the last 20 years. 

MEMBER: Do you have a written agreement with your apprentices? 

Mr. LANE: Yes. 

MEMBER: Do you pay your apprentices for class work? 

Mr. LANE: Yes. 

MEMBER: Can an agreement with an apprentice be broken after the 
probation period? 

Mr. LANE: We can terminate the agreement if the work is not up to 
standard. If an apprentice feels that he would be more interested in 
getting into some other trade or craft, or can prove to us that he can 
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take advantage of a job in some other company, we do not stand in his 
way. 

The agreement, as far as we are concerned, is purely psychological. 
In the past 3 months, four or five apprentices have been brought to my 
attention who were considering termination and going elsewhere, but 
before they had finally made up their minds, their parents had become 
informed and influenced them to remain with the company. 

V. G. CORNELIUS*: Have you had any experience with trade certifica- 
tion tests? If your apprentice program is a total of 8090 hours, divided 
into units of 2000 hours each, do you have any way of certifying the ap- 
prentice’s ability to go on with the next 2000-hour period by either writ- 
ten or oral test or examination of some type? 

Mr. LANE: Yes, apprentices are graded every month in the shop. With 
respect to classroom studies, apprentices are graded every week, or at 
least once a month. We maintain a check both in the shop and in the 
classroom. There is quite a high degree of correlation. The boy who 
does not do well in the classroom usually does not do well in the shop and 
vice versa. 

Mr. CORNELIUS: Regarding your statement that you start apprentices 
in September and in February, does that mean an apprentice who starts, 
for example, on March 15 does not get the advantage of any classroom 
work until the following September? 

Mr. LANE: Yes. 

S. F. Levy*: Do you take high school graduates as apprentices? 

Mr. LANE: Yes. We have an examination that we administer to all 
prospective apprentices. Anybody who can make a grade of 75 per cent 
or better on this examination is eligible to serve an apprenticeship. Thus 
far, I have never seen anybody who did not graduate from high school 
make a grade of 75 per cent or better. 

Mr. Levy: Is classroom instruction that the apprentices get part of 
their working time or after working hours? 

Mr. LANE: It is during the regular 8-hour work day. 

Mr. Levy: Is the shop instruction considered part of the job? 

Mr. LANE: Yes. In many cases the instructor on the job is also utilized 
in the classroom. 

Mr. Levy: From your experience, what kind of training would you 
say boys need most? 

Mr. LANE: I would say, in general, prospective apprentices lack a 
good foundation in drawing and mathematics. 

Mr. Levy: I believe that checks with the experience that we have had. 
We find that boys, even high school graduates, sometimes are quite de- 
ficient in arithmetic, especially common fractions. 

F. W. HUNTER‘: What percentage of the apprentices starting in your 
foundry remain with you to complete their course? What percentage of 
those who complete the course remain to become a permanent part of the 
organization? 


2 Carnegie-lllinois Steel Co., Chicago, Il. 
3’ Black-Clawson Co., Hamilton, Ohio. 
i Sargeant and Co., New Haven, Conn. 
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Mr. ADAMS: Since Mr. Lane has been with us, we hold one hundred 
per cent of our apprentices. 

Mr. HUNTER: That is remarkable. How do you find the type of young 
man and the interest you get today compare with a few years ago? 

Mr. ADAMS: One hundred per cent better. 

T. M. Bost, Jr.°: Do you take boys out of the shop and place them in 
your apprentice program? 

Mr. LANE: Yes. 

Mr. Bost: What is their starting rate if their former rate was above 
the regular apprentice starting rate? 

Mr. LANE: They would have to begin at the apprentice starting rate, 
regardless of their former rate. 

Mr. Bost: Do you always bring them back to the regular starting 
rate? 

Mr. LANE: Yes, regardless of past experience. Our starting rate is 
high enough to be attractive, and many times it is a promotion to get 
into the apprentice school. 

V. J. SWANSON®: What methods do you use in teaching industrial 
economics to the boys? 

Mr. LANE: In teaching industrial economics, we use Kimball’s text en- 
titled “Industrial Economics.” However, we also use about 30 other texts 
for supplementary reading. It is mandatory that all apprentices pur- 
chase their own textbooks when we use a text. And we have used Kim- 
ball’s book as a guide. 

I have been very fortunate in being able to get heads of departments 
to come in and talk to apprentices enrolled in the industrial economics 
class. When we take up a section on planning, I usually get the general 
shop foreman of the Mechanical Department to come in and give an hour’s 
talk. Every effort is made to make the course of instruction practicable, 
acquainting the apprentices with many of the fundamental principles of 
economics upon which the company operates. 

J. H. BRown*: How do you get your apprentices? 

Mr. LANE: I believe the greatest advertising we have is within the 
plant. We have endeavored to put our apprenticeship program on a high 
plane. For your information, 12 per cent of all the apprentices that we 
have enrolled have had at least one year of college, and about 3 per cent 
have had 2 years of college. We have maintained excellent cooperation 
with the Baltimore city and county schools. This is one source in which 
most of us have been weak in the past. We have sat in our offices and 
thought that all the outstanding boys were going to come to us. I spend 
two or three afternoons every month going to the various schools and 
giving talks on apprenticeship cpportunities. The biggest problem most 
of us are confronted with is that people do not know what we have to 
offer. 

Mr. BRown: In Canada, there is a very serious labor shortage in every 
line. The young men who are material for apprenticeships are going into 

’ Lynchburg Foundry Co., Lynchburg, Va. 


Foreman Training School, Rock Island Arsenal, Rock Island, Il. 
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the army or into machine shops, running single-purpose machines where 
the money and bonus is high, and they are not interested in foundries. 

Mr. LANE: I believe this depends, to a certain extent, upon the starting 
rate apprentices receive. In our particular plant, we have found that the 
starting rate is an important factor. Perhaps you might have better 
results if you made your starting rate more attractive. No apprentice 
is subject to bonus for the first 2000 hours. After that, there is an in- 
crement every 2000 hours. In practically all the shops, the contract or 
bonus system is used so the apprentice is granted an opportunity to in- 
crease his earning power beyond that of his base rate. 

WAYNE STETTBACHFR*: How does the hourly starting rate of an ap- 
prentice compare with the hourly earning he might hope to get as an 
unskilled worker in the foundry? If the apprentice was formerly em- 
ployed as an unskilled worker in the foundry, and then decided to become 
an apprentice, how much of a sacrifice does he make? 

Mr. LANE: We start all of our labor at the same rate. 

MR. STETTBACHER: There you have an advantage. There is another 
point that comes to my mind in respect to selling apprentices and par- 
ents of apprentices on the idea of the boy sacrificing 4 years of time and 
effort. The mention of the shipbuilding industry suggests to the average 
layman that, in times of peace or depression, shipyards are idle. Do you 
manage to maintain such a degree of constancy in your employment as to 
impress the public generally that an apprentice who goes into a trade 
in the shipyard is going to have reasonably constant employment, year in 
and year out? 

Mr. LANE: Yes, because our foundry takes care of both the steel and 
the shipyard and, should our shipyard become curtailed with the addi- 
tional expansion that probably will take place in our steel plant, we 
will be able to give reasonably steady employment to molders in the 
foundry. 

Mr. STETTBACHER: You are very fortunate in that respect. The boys 
in Detroit are not interested at the present time. The cpportunities are 
too great for them to go into defense plants and get jobs as ordinary 
workmen on the strength of their present efficiency. Apprentice mate- 
rial is being sought right now, even in boys less than eighteen years old. 

Co-CHAIRMAN GOLDIE: What percentage of your foundry apprentices 
are high school graduates? 

Mr. LANE: One hundred per cent. 

Co-CHAIRMAN GOLDIE: We are finding it hard to get high school grad- 
uates to go into the foundry. We have’had a great deal of success in a 
foundry with boys who have had less than a high school education; who 
have taken high school training after finishing their apprenticeship. 

What percentage of the boys in your foundry have fathers who are 
molders there? 

Mr. ADAMS: In my foundry, I do not have a boy whose father is a 
foundryman. 

Co-CHAIRMAN GOLDIE: I believe Mr. Lane’s foundry is one of the few 


8 Employers Association of Detroit, Detroit, Mich. 
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in the country where the boys are one hundred per cent high school 
graduates. 

Mr. ADAMS: We did not enjoy that advantage until recent years. 

JOHN GRENNAN®: Do you take the applications and put them on file? 

Mr. LANE: We have a waiting list. We do not have any trouble get- 
ting boys. 

Mr. GRENNAN: How long is the wait? 

Mr. LANE: I have found in the past 6 months that when a likely look- 
ing boy comes along, we go out of our way to create an opening right 
away. But we interview six, eight or, perhaps, a dozen boys every day. 
The more promising boys are employed as soon as there is an opening. 
This may be a few days or weeks. 

Mr. GRENNAN: Is there an abundance of material? 

Mr. LANE: Yes. I think we are quite fortunate in that there are a 
number of excellent schools in Baltimore and the vicinity from which 
to draw. 

Mr. GRENNAN: If you had a prospective opening in sight, would you 
make any attempt to take care of the boy from the time he makes ap- 
plication until the opening occurs? 

Mr. LANE: Yes, we would. However, we have an agreement with other 
companies in Baltimore not to take an employee who is working for 
another war production plant. 

Mr. GRENNAN: Do you use as an inducement to enter apprenticeship 
the fact that most of the young men will go beyond the skilled trade, as 
a trade, and get into executive positions? - 

Mr. LANE: Absolutely. 

Mr. GRENNAN: Do you have figures to show what percentage of your 
boys do fill these executive positions, rather than stay in the trade for 
which they originally trained? 

Mr. LANE: I do not know what the percentage is. That is an excellent 
question, and I shall look it up. Practically all of our general foremen 
and many or most of our foremen have served their apprenticeship at 
our particular plant. I would like to go a step further and say that we 
have a few superintendents and assistant superintendents who have 
served their apprenticeship in our particular plant. 

It is quite evident that there is a great reservoir of opportunities 
present that an apprentice can aspire to. When it can be pointed out that 
the general shop foreman who has charge of all mechanical shops served 
an apprenticeship, it looks pretty good to a boy. He becomes interested 
and registers a sincere desire to become an apprentice. 


9 University of Michigan, Ann Arbor, Mich 
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Progress Report— 
Comparison Data on the Durability of Naturally- 
Bonded and Synthetic Molding Sands by the 
Repeated Pour Test 


By Jack CoVan*, URBANA, ILL. 


Abstract 


The durability of molding sands may be determined by 
several methods. The method which hos been recognized 
as giving durability values that compare favorably with 
foundry practice is the repeated-pour test. This test re- 
quires considerable time for its performance. The object 
of this investigation was to determine basic data on the 
durability of five selected molding sands by the repeated- 
pour test. These data ave to be used in a later investiga- 
tion as the basis for comparing durability values de- 
termined on the same molding sands by other methods 
which require less time to perform. They will also serve 
as a guide to future investigations for the purpose of 
finding a rapid and reliable laboratory method for de- 
termining the durability of foundry sands. The durabil- 
ity values presented in this paper were ascertained by 
determining the quantity of clay necessary to maintain 
each molding sand at a constant green compression 
strength. The five molding sands were suggested by the 
American Foundrymen’s Association Foundry Sand Re- 
search Committee’s Subcommittee on Durability as being 
representative of the different types, as used commercial- 
ly. Data on three synthetic and two naturally-bonded 
sands are included. The repeated-pour test method was 
used by C. M. Nevin at Corneli University in 1925', and at 
present is considered the best method of determining 
values that compare favorably with foundry practice. 


Sand Research Committee. 
*Graduate Student, University of Llinois. 


lNevin, C. M., “The Life of Molding Sand,” TRANSACTIONS, American Foundrymen’s 


Association, vol. 23, pp. 763-796 (1925). 


Notre: This paper was presented at a Sand Research Session of the 46th Annual 


A.F.A. 


Convention, Cleveland, O., April 22, 1942. 
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History or DuRABILITy INVESTIGATIONS 


1. The problem of durability of sands is not new. Reports of 
work to determine that property extend back over the past 18 years 
or more. Although the repeated-pour test method is accepted as 
the best method at present, it is a long and laborious process. As 
a result, a continual search is progressing for a shorter method of 
ascertaining the durability of molding sands. 

2. The three most important methods used by previous investi- 
gators are briefly stated in the following paragraphs. 


Repeated-pour Test Method 

3. The repeated-pour test method used by Nevin! is performed 
by tempering a specimen of sand to optimum working condition 
and testing it by the standard A.F.A. bar test for green strength. 
Then a test mold is rammed with this sand. The cavity in the test 
mold is cylindrically shaped and the ratio of the weight of metal 
contained in the cavity to the weight of sand is such that the 
strength of the sand is reduced by a practical amount each time 
molten metal is poured into the test mold. 

4. After the mold is prepared and molten cast iron is poured 
into it, the casting is allowed to cool to room temperature. The 
casting is then ‘‘shaken-out’’ and is brushed or scraped free of 
sand. The entire amount of sand is then remixed, and water again 
is added to temper the sand to optimum working condition. The 
standard A.F.A. bar test is repeated for the green strength. The 
eyele is started again with the ramming of the second test mold. 
This procedure is repeated for ten times or ‘‘heats.’’ A decrease 
in green strength of more than 20 per cent is said to indicate a 
sand with undesirable durability. 


Oven Test Method 

5. The determination of durability of molding sands by heating 
samples in an oven was suggested by H. W. Dietert®. The object of 
this method is to obtain the green strength of the sample of molding 
sand after it has been tempered to optimum working condition. 
The sample of molding sand is then heated in an oven to 800°F. for 
2 hours and then cooled to room temperature. After retempering 
to optimum working condition, the test for green strength is made, 
and the results are compared with the original green strength of 


2 Dietert, H. W., and Wakefield, Jr.. H. W., “Sand Control in the Foundry,’ TRANSAC- 
TIONS, American Foundrymen’s Association, vol. 34, pp. 244-268 (1926). 
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Fic. 1—Cast SPECIMEN. 


the sand to determine the percentage loss in breaking strength. 
This procedure is repeated, raising the temperature of the oven in 


| 


increments of 200°F. until a temperature of 1400°F. is reached. 
Dehydration and Rehydration of Bond Method 

6. A weighed sample of the molding sand, previously tempered 
to best workable moisture and tested for green compression 
strength, is placed in a pan and baked in an electric oven at 200°F. 
for 4 hours. After baking, the specimen is removed from the oven 
and allowed to cool to room temperature and is then reweighed. 
The gains or losses in weight are recorded. The specimen of mold- 
ing sand is again placed in a pan and heated in an oven to 800°F. 
for one hour. It is removed from the oven, allowed to cool to room 
temperature, and weighed. Losses due to dehydration of the dry 
bond are recorded. 

7. The specimen is then tempered to optimum working condition 
and green compression strength tests are made. The loss in green 
compression strength is compared to the original green strength 
test. After the green strength test, the sand is dried in an electric 
oven for 4 hours at 200°F., removed, and allowed to cool to room 
temperature. It is weighed, and gains or losses in weight are re- 
corded. The cycle described is repeated on the same sample 
increasing the temperature at 200°F. intervals from 800 to 1400°F. 
At 1400°F., in addition to determining the loss in weight due to 
dehydration at 1400°F., the total loss of weight of the sand is de- 
termined. 


8. Tests performed by Nevin' included all of the three methods 
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previously described In 1936, the University of Illinois Engineer- 
ing Experiment Station published a bulletin * ' which recorded the 
results of an investigation by Professors Casberge and Sehubert 


which attempted to correlate the durability of foundry molding 





sands as obtained by the same three methods. Results of this in- 

vestigation, briefly, were as follows: 

1. That it is not possible to predict accurately the life of 

a molding sand by any of the three methods. 

2. That the amount of bond necessary to bring a given 
quantity of molding sand back to its original green compression 
strength depends entirely on the kind and nature of the bond- 
ing material. 

3. That the durability of a molding sand depends upon the 
physical and chemical properties of the mineral, or minerals, 
found in the bonding substances. 

tien e H., and Schubert, C. E., “An Investigation of the Durability of Molding 
Sands,"’ University of Illinois Engineering Experiment Station Bulletin, no. 281, vol. 33, 
no. 34, April 21, 1936, pp. 1-54 


iSchubert, C. E., “A Correlation of the Physical and Chemical Properties of Clays with 
the Durabilitu of Molding Sands,"’ TRANSACTIONS, American Foundrymen’s Association, 


vol. 45, pp. 661-690 (19387). 





Fic. 2—EQUIPMENT For RAMMING Test MoLp witH SPLIT FLASK. 
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Table 1 
FINENESS TESTS OF SILICA SAND 

—— Per Cent Retained — 

Serceen Mesh Trial 1 Trial 2 
6 0.00 0.00 
10 0.00 0.00 
20 0.00 0.00 
28 0.00 0.00 
35 0.65 0.70 
18 17.56 16.98 
65 43.81 42.28 
100 29.68 30.69 
150 6.30 6.94 
200 1.11 1.40 
270 0.00 0.42 
Pan 0.23 0.31 
Total 99.34 99.72 


9. Asa result of these findings, the A.F.A. Foundry Sand Re- 
search Committee’s Subcommittee on Durability realized that no 
acceptable values of durability for definite specimens, as de- 
termined by the repeated-pour test method, existed. These values 
are necessary as a basis of comparison and reference if a rapid and 
reliable laboratory method is to be developed. This subeommittee 
also recommended that the method of performing the repeated-pour 
test be changed to make it conform more closely to foundry con- 
ditions. 

10. Thus, it was at the suggestion of the Subcommittee on Dura- 
bility of the A.F.A. Foundry Sand Research Committee that this 
investigation was made. 


MATERIALS Usep AND Trsts MADE 


Materials Used 

11. The materials used in the tests were supplied by members of 
the American Foundrymen’s Association in sufficient quantities 
so that future additional tests can be made, if necessary. The ma- 
terials supplied may be divided into two groups: (1) the naturally- 
bonded molding sands, and (2) washed and dried silica sand and 
three types of clays for making the synthetic molding sand mix- 
tures. 


12. Two natural sands were supplied in the same condition as 


they are delivered to industry. One of these sands was an Eastern 
and the other was a Midwestern naturally-bonded molding sand. 
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The composition and strength of these were as follows: 

(a) The Eastern sand, as received, had a green compression 
strength of 16.9 lb. per sq. in. at 4.4 per cent moisture. For 
clay content and fineness data, see Table 2. 

(b) Midwestern sand, as received, had a green compression 
strength of 24.9 lb. per sq. in. at 4.1 per cent moisture. For 
clay content and fineness data, see Table 3. 

13. The materials supplied for synthetic molding sands con- 
sisted of : (a) A siliea sand of the Ottawa type, whose fineness tests 
are shown in Table 1; (b) a montmorillonite clay, as used commer- 
cially; (¢) an illite clay, as used commercially ; and (d) a kaolinite 


clay, as used commercially. 


Tests Made 

14. Throughout the investigation, tests were made in accordance 
with the standardized procedure contained in ‘‘ Testing and Grad- 
ing Foundry Sands and Clays—Standards and Tentative Stand- 
ards,’’ published by the American Foundrymen’s Association 
Foundry Sand Research Committee. The following tests were 
made: (1) Fineness, (2) A.F.A. clay, (3) green compression 
strength, and (4) dry compression strength. 


METHOD OF PROCEDURE 
15. The fineness of both the silica sand, used in the synthetic 


sand mixtures, and the naturally-bonded sand was determined. 


Table 2 
FINENESS TESTS OF EASTERN NATURAL MOLDING SAND 


——— Per Cent Retained ——. 


Screen Mesh Trial 1 Trial 2 
§ 0.66 0.46 
10 0.87 1.40 
20 2.14 2.14 
28 2.46 2.94 
35 2.10 4.52 
48 10.20 10.91 
65 17.67 17.32 

100 29.42 28.03 
150 12.84 12.47 
200 3.90 4.05 
270 a2 .82 
Pan 1.09 1.48 
Total 84.07 86.54 


A. F. A. Clay, per cent 13.12 13.12 


—— 
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Table 3 
FINENESS TESTS OF MIDWESTERN NaTtTuRAL MoLpInG SAND 


Per Cent Retained — 








Screen Mesh Trial 1 Trial 2 

6 0.00 0.13 

10 0.60 0.35 

20 1.94 1.38 

28 2.94 2.24 

35 5.3 4.81 

48 12.80 11.36 

65 17.65 17.84 

100 17.69 18.72 
150 8.35 9.32 
200 5.10 5.71 
270 1.90 9.44 
Pan 7.91 0.67 
Total 82.22 81.97 

A. F. A. Clay, per cent 17.59 i727 


The green compression strength of samples of the naturally-bonded 
sand, tempered to an arbitrary figure of approximately 4 per cent 
moisture, also was determined. This is the green compression 
strength of what will be referred to in this paper as the ‘‘raw 
natural molding sand.’”’ 

16. One of the conditions set forth for this investigation was 
that the green compression strength be held constant. It was de- 
cided that each sand used in the repeated-pour test should possess 
an original green compression strength of 6 lb. per sq. in., as such 
a strength compared favorably with foundry practice. Since the 
raw naturally-bonded molding sands tested approximately three 
times this strength, it was necessary to lower the strength by adding 
washed and dried silica sand to these sands and mix them until a 
green strength of 6 lb. per sq. in. was reached. Thus, a proportion 
of weight of silica sand to weight of raw naturally-bonded molding 
sand was determined which would give approximately the re- 
quired strength. 


Tempering Procedure 

17. The amount of moisture present in the tempered sands, as 
well as the method of tempering the samples, was standardized. 
The method of tempering that was adopted was briefly as follows: 
The specimen to be tempered (naturally-bonded molding sand and 
siliea sand or silica sand and clay) was placed in a muller-type 
sand mixing machine and mixed for 2 min. For the next 2 min., 


the moisture was added continuously to the mixture by conducting 
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the water from a container to the point of mixing through a small 
copper tube. After the water was added, mixing was continued 
for three min., making a total mixing time of 7 min. The specimen 
was then collected, riddled through a No. 6 riddle or screen, and 
placed in tightly stoppered glass bottles to temper for 24 hours. 

18. The amount of moisture to be used with each sand was de- 
termined by preparing a number of specimens of the two naturally- 
bonded molding sands with approximately 6 lb. per sq. in. green 
compression strength. Each of these specimens was tempered with 
a different per cent of moisture. At this point, a group of three 
experienced molders examined the specimens without knowing the 
moisture content of any sample. After ‘‘feeling’’ the sand, each 
man voted for the sand that he thought was at the best working 
or molding condition. In this way, a moisture content was selected 
as being the optimum working condition for each specimen and 
that moisture percentage was maintained constant throughout the 
investigation. 

19. Preparation of the synthetic molding sand specimens con- 
sisted of adding various amounts of clay to silica sand and mixing 
in a muller-type mixing machine until a green compression strength 
of 6 lb. per sq. in. resulted at the best workable moisture, as de- 
termined by the ‘‘feel’’ method. 


Preparation of Test Samples 

20. Specimens of the two natural molding sands with silica sand 
added, weighing 3000 grams, were mixed with the proper amount 
of water and allowed to temper 24 hours in tightly stoppered glass 
bottles. In the same manner, the specimens of the three synthetic 
sands were prepared, using 3000 grams of silica sand and the 
necessary amount of elay. 

21. The Subcommittee on Durability decided to include one ad- 
ditional sample of each of the five molding sands (three synthetic 
and two natural) containing one per cent more moisture than the 
tempered samples through the first three heats of the test to see 
if there was any indication that excessive moisture had any effect 
on the durability of the sand. Throughout the tests, these samples 
will be referred to as the wet specimens. 


Molding Procedure 
22. After the ten samples had been tempered in the glass bottles 


for 24 hours, they were tested for moisture, green compression 
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strength, and dry compression strength. Each sample was then 
rammed to make a test mold. The pattern used was 2-in. in 
diameter by 1l-in. long. <A cylindrical flask, open at both ends, 
was used. The inside diameter of the flask was 3°%-in. and the 
length was 12-in. These dimensions gave a weight ratio of approx- 
imately one part of sand to two parts of iron. This ratio produced 
sufficient loss in strength in the sand each time metal was poured 
into the mold. 

23. The test mold was rammed in the following manner: The 
flask or tube was placed upright on a flat metal plate and one-inch 
of sand was rammed in the bottom of the flask. The pattern was 
placed in the center of the tube, and the sand was gradually rammed 
around it. Each laver of sand was rammed with a stick %-in. 
square by 18-in. long, and with a uniform number of strokes as 
nearly equal in force as possible. The ramming continued until the 
top of the flask was reached. The mold was ‘“‘struck off,’’ and the 
pattern rapped to loosen it from the sand, after which it was drawn 
from the mold. The finished mold was covered with a metal sprue 
cover and set aside to await pouring. To avoid excessive moisture 
loss, molten gray iron was poured into the molds 45 min. after the 
molds were made. 


Melting Procedure 

24. The cast iron used in pouring the test molds was melted in a 
gas-fired, crucible-type furnace. The charge in the first three 
heats consisted of 125 lb. of metal of which 50 per cent was scrap 
and 50 per cent was pig iron. In the last seven heats, the five molds 
required 65 lb. of metal containing the same scrap to pig iron ratio. 

25. After the charge of iron reached a satisfactory molten con- 
dition and temperature, it was removed from the furnace, skimmed, 
and poured into the test molds. The molds were allowed to cool 
to room temperature, were ‘‘shaken-out,’’ and the sand was brushed 
from the castings with a stiff wire brush, care being taken to col- 
lect all the sand from each mold. 


Procedure for Maintaining Green Compression Strength 

26. The sand from the mold was put in the mixing machine and 
mixed with that part of the specimen that had not been used in the 
mold. Water was added, in accordance with the 7 min. mixing 
procedure previously described. After the sample had been mixed 
the required 7 min., it was tested for moisture content. Due to 
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the fact that there was some loss of moisture from the time the 
specimen was in the machine until it had tempered in the glass 
bottle for 24 hours, it was necessary to set a moisture percentage 
somewhat above the final desired moisture. When the results of 
the moisture tests were satisfactory, the green compression strength 
of the sample was determined. The results of the green compres- 
sion strength test showed whether it was necessary to add more 
clay or new naturally-bonded molding sand to the samples to main- 
tain the original green compression strength of 6 lb. per sq. in. 

27. If more clay or new naturally-bonded molding sand was re- 
quired, it was added to the sample. This usually required the ad- 
dition of more water. When these additions were made, the ma- 
terial was mixed for an additional 5 min. and another set of mois- 
ture and green compression strength tests were made. After 
tempering for 24 hours in tightly stoppered glass bottles, the mois- 
ture and green compression strength tests were repeated. If the 
results were satisfactory, the sample was ready to repeat the cycle 
of preparing the test mold. 


Number of Pourings 
28. This procedure was continued for three heats, using five 
samples at best workable moisture and five definitely wet. After 





Fic. 3—RAMMING AND COMPRESSION TEST APPARATUS CONFORMING TO A. F. A. 
REQUIREMENTS. 
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Fic. 4—GRAPHICAL REPRESENTATION OF MOLD HARDNESS TESTS. 

Top—Hanpd RAM—SAND ADDED IN 200 GRAM ADDITIONS. 
CENTER—RAMMED WITH WEIGHTED RAMMING STICK. STICK AND WEIGHT—502 GRAMs. 
Droprep 3-1N., 30 Times ON EACH 200 Grams or SAND. 
BottoM—RAMMED WITH WEIGHTED RAMMING STICK. STICK AND WeEIGHT—502 GRAMS. 
Dropped 3-1N., 50 Times ON EAcCuh 200 Grams or SAND. STICK %x%x18-IN. 





the third heat, the tests on the five wet samples were discontinued. 
Seven more heats were run with the five samples at best workable 
moisture, making a total of ten heats for these samples. After the 
tenth heat, both dry and green compression strengths of each 
sample of molding sand were determined. 

29. Ten heats were thought to show sufficient trend in dura- 
bility values. Due to unavoidable losses of sand in the testing 
procedure, the original 3000 grams of the sample were greatly re- 
duced. One of the reasons for the greatest loss was the sand 
sticking to the castings. At the end of the tenth heat, there was 


barely enough sand remaining in the case of the synthetic sands 
to make a test mold. 
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Ramming Experiment 

(0. A cheek experiment was run to investigate the quality of 
ramming in the test molds. A weight was attached to the rammer 
stick so that it would strike a uniform blow when dropped from 
a given height. Two molds were rammed by this method, and one 
by hand in a split flask. When the ramming was complete, half 
of the flask was removed, and readings were taken with a mold 
hardness tester to determine the relative mold hardness. These 
hardness readings were compared with those obtained by hand 
ramming to ascertain the uniformity of ramming by the two 
methods (see Fig. 4 Krom this comparison, it was decided that 
the hand ramming was as uniform as the mechanical method de- 


vised Te cheek it 


DISCUSSION OF RESULTS 


Results of Fineness Tests 

31 Tables 2 and 3 show the results of this test. In Table 1, 
showing the results obtained on the washed and dried silica sand, 
the distribution of the grains on the different meshes indicates 
that the silica sand is what is known as a well-sorted sand. <A well- 
sorted sand has 75 per cent or more of its grains retained on any 
three or less consecutive screens in the sieve series. 

32. Tables 2 and 3 give the results of the fineness tests per- 


formed on the naturallv-bonded molding sands (Eastern and Mid- 


Table 4 


FINENESS Tests oF DituTE EASTERN NatuRAL MOLDING SAND AS 
UseEep 


——— Per Cent Retained —_. 


Screen Mesh Trial 1 Trial 2 

6 0.13 0.00 
10 0.46 0.54 
20 1.35 1.21 
28 1.44 1.44 
35 2.34 2.42 
48 12.93 13.70 
65 27.11 28.40 
100 30.25 30.27 
150 10.06 9.22 
200 2.96 2.42 
270 0.58 0.46 
Pan 1.25 1.09 
Total 90.86 91.17 


A. F. A. Clay, per cent 8.90 8.45 
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Table 5 


FINENESS Tests oF DituTE MIDWESTERN NATURAL MOoLpING 
SAND AS UseEp 


— Per Cent Retained — 


Screen Mesh Trial 1 Trial 2 

6 0.00 0.00 

10 0.21 0.29 

20 0.94 0.82 

28 1.18 1.10 

35 2.70 2.86 

48 16.35 16.94 

65 32.43 32.99 
100 24.94 24.22 
150 6.47 6.05 
200 2.16 2.01 
270 0.63 0.66 
Pan 2.65 2.57 
Total 90.66 90.51 

A. F. A. Clay, per cent 8.91 8.93 


western) as received. These results show that the Eastern sand 
has a better grain size distribution than the Midwestern, but has 
less A.F.A. clay than the Midwestern. Tables 4 and 5 give the 
results of the tests run on the naturally-bonded molding sands 
diluted with silica sand as they were used in the tests. A compari- 
son of Tables 4 and 5 shows that adding silica sand to the naturally- 
bonded molding sands had the effect of equalizing both the clay 
percentage and the grain distribution. 


Clay Additions 

33. Table 6 gives the additions of each of the various type clays 
to the synthetic sand samples during the ten heat repeated-pour 
test to maintain the required 6 lb. per sq. in. green compression 
strength at best workable moisture. The table presents two possible 
ways of considering clay additions as a measurement of durability. 
The first method is to consider the average amount of clay bond 
added per heat during the ten heats. However, some economic 
phases of this problem might demand the consideration of the 


amount of original clay bond present in the molding sand before 
the first heat. Therefore, a total figure is shown, giving the sum 
of the clay bond present in the molding sands before the first heat 
plus the clay bond additions during the ten heats. In the tests 
on the naturally-bonded molding sands, the additions were made 
in the form of grams added of naturally-bonded molding sand as 
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Table 6 
CLay AppITIONS MADE TO MAINTAIN REQUIRED GREEN COMPRESSION 
STRENGTH IN TEN Heats. SAMPLES AT BEST WORKABLE 
MoisturRE (SYNTHETIC SANDS) 


Montmor- 
Illite illonite Kaolinite 
Clay addition before 1st heat, grams 191 120 259 
Clay additions in 10 heats, grams 181 132 122 
Average additions per heat, grams 18.1 13.2 12.2 
Total clay used, grams 372 252 381 


Table 7 
New Sanp Appitions Mabe To MAINTAIN REQUIRED GREEN Com- 
PRESSION STRENGTH IN TEN Heats. SAMPLES AT BEST WORKABLE 
MoisturRE (NATURAL MoLpING SANDs) 


Eastern Natural Midwestern 

Sand Natural Sand 
Silica sand necessary, grams 1170 1765 

New sand necessary before 1st heat, 
grams 1830 1235 
New sand additions in 10 heats, grams 5030 3725 
Total new sand used, grams 6860 4960 
Table 8 


CLAY AppITIONS MapE TO MAINTAIN REQUIRED GREEN COMPRESSION 
STRENGTH IN TEN HEATS. SAMPLES AT Best WORKABLE MOISTURE 
(NatuRAL MoupING SANDs) * 


Eastern Natural Midwestern 
Molding Sand Molding Sand 
Clay addition before 1st heat, grams 240 220 
Clay additions in 10 heats, grams 660 648 
Average additions per heat, grams 66 64.8 
Total clay used, grams 900 868 


received. These additions are shown in Table 7. To bring these 
additions to the clay addition basis used in Table 6 for the syn- 
thetic sands, each amount was multiplied by the percentage of clay 
present in the type of naturally-bonded molding sand. For ex- 
ample, Eastern naturally-bonded molding sand required 5030 grams 
of new sand during the ten pourings to maintain the required 
green strength. Thus, 5030 x 0.1312 equals 660 grams of clay 
bond added (13.12 per cent clay in the Eastern natural molding 
sand). These results are shown in Table 8. 


* The amount of clay calculated by multiplying grams of sand added by per cent clay 
present in the molding sand. 
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Table 9 
Dry COMPRESSION STRENGTH OF SANDS AT Best WORKABLE Mots- 


TURE BEFORE THE First HEAT AND AFTER TENTH HEatT 


-— Dry Compression Strength 
lb. per sq. in. 


Before First After Tenth Per Cent 
Samples Heat Heat Decrease 
Illite 14.3 6.2 56.7 
Montmorillonite 48.1 26.9 44.1 
Kaolinite 24.7 5.7 76.9 
Eastern Natural 19.5 9.9 49.3 
Midwestern Natural 47.1 20.4 56.7 


Table 10 


CLAY AppITIONS BY HEATS—SAMPLES AT Best WORKABLE MOISTURE 
(GRAMS) 


—_——_ — -No. of Heats - - ———_———, 
Samples Before 
1 1 2 3 4 5 6 7 & 9 10 
Illite 0 25 10 10 12 18 15 15 20 30 26 
Montmorillonite 0 20 ) 9 10 20 10 10 10 17 17 
Kaolinite 0 10 0 10 0 30 10 9 17 18 18 
Eastern Natural 3.9 25.2 92.2 39.4 55.8 88.5 65.7 78.9 65.7 78.9 65.7 
Midwestern Natural 2.6 138.1 51.9 26.0 34.6 73.5 69.2 65.0 64.9 62.3 66.0 
Table 11 


Per Cent Motsturr By HEATS WITH SAMPLES AT BEST WORKABLE 
MOISTURE 


—_——_——_——_ No. of Heats —_—_—_—_—_—_- —-——— 

Samples Before 

1 1 2 3 4 5 6 7 x 9 10 
Illite 2s £4 05 834 82 83 33 864 84 26. BA 
Montmorillonite 1.8 1.8 1.8 2.2 28 2 1.9 -2.1 2.1 1.9 2.1 
Kaolinite 2.9 2.6 2.8 3.1 2.9 3.1 3.0 3.1 3.0 3.0 2.9 
Eastern Natural 4.6 3.0 4.4 4.7 4.4 4.5 4.7 4.6 4.6 4.5 4.5 
Midwestern Natural 4.1 4.0 4.0 4.3 4.2 4.1 4.1 4.2 4.0 4.2 4.1 


Dry Compression Strength Results 

34. Results of the dry compression tests before the first and 
after the tenth heat, are given in Table 9. An interesting condi- 
tion is shown in regard to the percentage decrease in dry com- 
pression strength from before the first until after the tenth heat. 
The fact that this decrease in dry compression strength took place 
while the green compression strength was being constant is very 
significant. It should be pointed out, however, that the baked speci- 
mens were not cooled in a desiccator. Some investigators feel that 
if this is not done, the results obtained by the dry compression 
strength test may not be accurate. Nevertheless, the results are in- 
tluded in this report for what they may be worth. 
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Fic. 5—CHART SHOWING TYPICAL VARIATIONS FROM STANDARD CONDITIONS AND CLAY AD- 


DITIONS USED IN THE INVESTIGATION. THESE DATA ARE OF THE ILLITE-BONDED SANDS. 


Variation in Properties Desired 

35. Tabulation of the clay additions by heats for the samples 
at best workable moisture content is given in Table 10. As the 
heats progressed, it was possible to regulate the clay additions in 
such a manner that the variation from the desired 6 lb. per sq. in. 
green compression strength was less than at the start of the test, 
due to experience in making the additions. This can be seen more 
clearly in the graphical representation in Fig 5, which is typical 
of the variations throughout the investigation. 

36. Results of the moisture tests, with the samples at best work- 
able moisture content, are given in Table 11. It already has been 
explained how the choice of the amount of moisture was made by 
the ‘‘feel’’ method. It also was explained, in the section procedure. 
that the method of tempering the sand was long and presented 
difficulties in obtaining the exact moisture desired. To show a 
typical deviation within a series of tests, and to be able to judge 
its effect upon results, all three curves of moisture, clay additions, 
and green compression strength were plotted together in Fig. 5. 
For example, Fig. 5 (Illite bonded at best working moisture) shows 
clay additions of 25 grams, moisture 2.4 per cent, green compres- 
sion strength, 7.02 lb. per sq. in. 


Explanation of Variations in Moisture and Strength 


37. Results of the green compression strength tests with samples 
at best workable moisture content, are given in Table 12. Con- 


siderable variation from the desired 6 lb. per sq. in. green com- 
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pression strength is shown. However, a number of factors tend 
to explain this variation. The clay additions were made by guess 
and can be expected to be inexact in the first few heats. 

38. There is a difference in the green strength at the time the 
sand is in the mixing machine and when it is tested after temper- 
ing in glass bottles 24 hours later. This difference in green strength 
occurred, for example, in the illite bonded sand at temper after 
the first heat. When the sample was mixed with 62 cc. of water 
for the required 7 min., the tests for per cent moisture and green 
compression strength were performed. The results of these tests 
were 2.2 per cent moisture and 4.9 lb. per sq. in. green compression 
strength. Ten grams of clay and 10 cc. of water were added, and 
the molding sand was mixed for 5 min. The tests showed 2.4 per 
cent moisture and 5.4 lb. per sq. in. green compression strength. 
A second addition of 15 grams of clay and 10 ce. of water was 
made. After mixing 5 min., the tests were repeated. The results 
were 2.5 per cent moisture and 6.2 lb. per sq. in. green compression 
strength. 

39. After being sealed in a glass bottle for 24 hours, the sample 
was again tested. As recorded in Tables 11 and 12, these results 
were 2.4 per cent moisture and 7.02 lb. per sq. in. green compression 
strength. Also, if the moisture were incorrect, it was necessary 
to retemper the sand. In retempering the sand, additional mixing 


Table 12 
GREEN COMPRESSION STRENGTH BY HEATS WITH SAMPLES AT BEST 
WoORKABLE MOISTURE 


r—— Green Compression Strength by Heats, lb. per sq. in. — 


Samples Before 

1 1 2 3 4 5 6 7 8 9 10 
Illite 6.03 7.02 7.10 5.67 6.256 6.15 5.60 5.55 5.82 5.95 6.40 
Montmorillonite 6.60 6.95 7.50 5.27 5.87 6.37 6.32 5.70 6.00 5.77 5.62 
Kaolinite 5.70 6.92 7.77 5.90 5.50 7.15 6.37 5.10 5.97 5.27 6.00 
Eastern Natural 6.05 6.92 8.57 5.25 5.50 5.90 5.40 5.47 5.82 6.02 56.67 
Midwestern Natural 6.70 7.85 9.95 56.45 5.57 5.95 6.72 5.80 6.82 56.67 5.82 

Table 13 

CLAY AppITIONS BY Hrats—Wet SAMPLES 

Total 
— Additions, grams —_ Total Clay 
Samples Before Additions, Used, 
1 1 2 3 grams grams 
Illite 0 20 15 10 45.0 236.0 
Montmorillonite 0 10 10 15 45.0 265.0 
Kaolinite 0 10 0 5 15.0 264.0 
Eastern Natural 3.9 45.9 65.6 78.8 190.3 430.3 


Midwestern Natural 12.6 104.0 43.2 51.8 199.0 419.0 
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Fic. 6—SAME AS IN Fic. 5 BUT FOR EASTERN NATURALLY-BONDED MOLDING SAND. CLAY 
ADDITIONS ARE INDICATED ON THE BASIS oF BotH CLAY SUBSTANCE ADDITIONS AND TOTAL 
SAND ADDITIONS. 


of the sands in the mixing machine tended to inerease the green 
compression strength. 

40. The results of the clay additions tabulation, the moisture 
tests, the green compression strength tests, and the dry compres- 
sion strength tests are shown in Tables 13, 14, 15 and 16. Due to 
the inability to judge the clay additions correctly on the early 
heats, the results are not entirely conclusive. However, it is thought 
that the results do indicate that there is no great difference be- 
tween the durability of the wet and best workable moisture samples. 
Perhaps this is best shown by comparing the typical ggaphs of 
the clay additions, the per cent moisture, and the green compres- 
sion strength for the wet samples as shown in Fig. 6 with those 


for the best workable moisture samples in Fig. 5. 


Uniformity of Ramming Test Molds 


41. Figure 4 shows the results of the test to check the uni- 
formity of the hand ramming method of the test molds. It was 
believed that placing the mold hardness readings on the cross- 
sectional view of the mold was the best way to show the comparison 
of the hand method and the weighted stick method of ramming. 
If the mold hardness test can be taken as a standard of com- 
parison of the uniformity of the ram, the results of the tests in 
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Fig. 4 show that the method of hand ramming was more uniform 
than the other methods used. 


SUMMARY AND CONCLUSIONS 


Summary of Results 
42. Considering only the clay additions made during the ten 
heats for the best workable moisture samples, a comparison of the 
durability of the various mixtures by this method group themselves 
as follows: 
a. Kaolinite-bonded sand is first with additions of 122 grams 
of clay. 


Table 14 


Moisture Tests By Hreats—Wertr SAMPLES 


jtecmmececicns MCGUNTS POY CONE nnn, 

Samples Before 
1 1 2 Fi 
Illite 3.2 3.0 2.9 3.2 
Montmorillonite 2.8 2.2 2.7 3.0 
Kaolinite 3.8 3.6 3.4 3.9 
Eastern Natural 5.8 5.3 5.7 5.7 
Midwestern Natural 4.3 4.4 5.2 5.0 

Table 15 


GREEN COMPRESSION STRENGTH TEsTs By HEATS—WET SAMPLES 


Green Compression Strength in lb. per sq. in. 
No. of Heats 


Samples Before 
1 1 § 3 
Illite 3.7 4.2 5.0 4.1 
Montmorillonite 4.6 4.6 5.0 4.0 
Kaolinite 3.0 3.3 4.5 3.1 
Eastern Natural 4.3 4.0 3.8 4.2 
Midwestern Natural 4.8 5.6 4.7 4.9 
Table 16 


Dry COMPRESSION STRENGTH TESTS OF THE WET SPECIMENS BEFORE 
AND AFTER First HEAT 


-— Dry Compression Strength, — Per Cent 
Specimen lb. per sq. in. of 

Before 1st Heat After 3rd Heat Decrease 
Illite 32.6 22.3 31.6 
Montmorillonite 75.12 51.2 31.9 
Kaolinite 35.3 21.1 41.1 
Eastern Natural 22.3 19.5 12.5 


Midwestern Natural 63.1 41.8 33.7 
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b Montmorillonite-bonded sand is second with additions of 
132 grams of clay. 
Illite-bonded sand is third with additions of 181 grams. 

d. Midwestern natural sand is fourth with additions of 648 
grams of elay. 

e. Eastern natural sand is fifth with additions of 660 grams 
of clay. 

13. Considering the total clay used, both before and during the 
ten heats for the best workable moisture samples, a comparison of 
the durability of the various mixtures by this method group them- 
selves as follows: 

a. Montmorillonite-bonded sand is first with 252 grams of 
clay added. 

b. Illite-bonded sand is second with 372 grams of clay added. 

ec. Kaolinite-bonded sand is third with 381 grams of elay 
added. 

d. Midwestern natural sand is fourth with 868 grams of clay 


added. 
e. Eastern natural sand is fifth with 900 grams of clay 
added. 


14. Although the natural molding sands have been placed on 
the ‘‘elay added’’ basis by multiplying the grams of sand added 
by the percentage of clay, it is doubtful whether the natural sands 
should be compared with the synthetic sands with regard to clay 
added. The reason for this is that the A. F. A. method of deter- 
mining the percentage of clay substance in a sand or sand mixture 
may include a definite amount of silt or non-bonding material*. 


Conclusions 
45. From the results of this investigation, the following con- 
clusions may be drawn: 

1. As previously stated, the five sands used in these series 
of tests inelude three synthetic sand mixtures and two naturally- 
bonded sands. Each of the synthetic sands was bonded with 
one of the three recognized classes of clays, namely, kaolinite, 
montmorillonite, and illite. 


2. The results of tests on the sand samples bonded with these 


* Grim, Ralph E., and Schubert, Carl E., “Mineral Composition and Texture of the 
Clay Substance of Natural Molding Sands,"’ TRANSACTIONS, American Foundrymen’s As- 
sociation, vol. 47, pp. 935-953, 1939. 

Grim, Ralph E., “Elements of the Petrographic Study of Bonding Clays and of the 
Clay Substance of Molding Sands,”" TRANSACTIONS, American Foundrymen’s Association, 
vol. 47, pp. 895-908, 1939. 
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Fic. 7—-Metuop of TAKING Mo_p HARDNESS READINGS. 


various type clays may be used as a guide to the durability of 
synthetic sand mixtures in commercial foundries when such sands 
are used under conditions similar to those existing in the series 
of tests. 

3. The durability values obtained on the naturally-bonded 
sands show that, under the conditions of these tests, the amount 
of natural clay bond needed to produce the required 6 lb. per 
sq. in. green compression strength throughout the test series was 
at least twice as much as that required for synthetic sands to 
maintain the same strength. 

4. Based on additions of new sand, it might be possible that 
none of the original naturally-bonded sand sample existed in 
either of the two naturally-bonded sands tested after the final 
test. In the case of the Eastern naturally-bonded sand, 6860 
grams of new sand were added in the ten heats, and in the case 
of the Midwestern naturally-bonded sand, 4960 grams were 
added. In both cases, the original sample weight was 3000 grams. 

5. The above results seem to indicate that synthetic sands 
have a greater durability than do natural sands. 


6. Whether or not the data obtained on the two natural sands 
tested is applicable to all types of natural sands is doubtful, as 
the results obtained with other naturally-bonded sands would 
depend upon the mineral constituents of the natural clay bond. 
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7. The data obtained in this investigation has produced dura- 
bility values on specific sand mixtures which can serve as a 
basis for correlating the results obtained in future work in con- 
nection with the invention of a rapid and reliable laboratory 
method for determining the durability of foundry sands. 

8. Data accumulated in a series of tests with samples of each 
type sand tempered to contain 1 per cent more moisture than 
the best workable moisture content appear to indicate that tem- 
pering sands to the wet side has little effect on the durability. 

9. Further investigation may be indicated with regard to 
the possibility of connecting the determination of durability 
values with dry compression strength instead of green compres- 


sion strength. 
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DISCUSSION 

Presiding: L. B. KNIGHT, JR., National Engineering Co., Chicago, III. 

Co-Chairman: F. L. WEAveR, Great Lakes Foundry Sand Co., De- 
troit, Mich. 

H. Ries (written discussion)'!: The writer has read with interest the 
results of the author’s investigation of the durability of various type 
bonding clays under the standard conditions as set forth for the investi- 
gation. While the author reaches some interesting conclusions, the writer 
feels that his charts might be open to some criticism. The charts in the 
paper show the accuracy with which the additions of the various type 
clays were made to maintain the required 6 lb. per sq. in. green strength 
and also the author’s ability to hold the green strength to the standard 
mentioned. However, the writer feels that other than this, the charts 
give no particular evidence as to the total amount of any of the clays 
used in the experiment. He believes that a cumulative curve based on 
the data as set forth in the paper might be of some interest and, there- 
fore, submits the chart shown in Fig. 8. 
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CLAY ADDITIONS - GRAMS (CUMMULATIVE) 


HEAT NUMBER 


Fic. 8—CHart SHOWING THE AMOUNTS oF CLAY USED THROUGHOUT THE TESTS IN A 

CUMULATIVE MANNER. IT SHOULD Be REMEMBERED THAT THE CLAY CONTENT OF NATURAL- 

LY-BoNDED SANDS, AS DETERMINED BY THE A.F.A. CLAY SePpARATION Test, CONTAINS 
Some SILT. 


i Technical Director, A.F.A. Foundry Sand Research Committee, Ithaca, N. Y. 





562 DYURABILITY OF MOLDING SANDS 


It will be noted that on this basis, there is not a great deal of differ- 
ence in the total amount of clay of either the illite or kaolinite types 
used in the test. On the other hand, the montmorillonite type required 
the least clay to produce the necessary 6 lb. per sq. in. green strength at 
the beginning of the test and also the least total amount of the three 
clays used throughout the test. However, it will be noted that the average 
slope of the curves for the three clays is about equal. 

The two curves for the eastern and midwestern naturally-bonded sand 
additions are based on the clay content of the sand. These two curves 
are much steeper than those shown for any of the three general types 
of clays used but must not be interpreted as being evidence that more 
natural clay contained in naturally-bonded sands is necessary to main- 
tain a given green compression strength. 

The reason is apparent because the clay content of the naturally- 
bonded sands, upon which these curves are based, was obtained by the 
A.F.A. clay separation method. In this method, it is admitted that a cer- 
tain percentage of fine silt remains in suspension and is siphoned off 
along with the true clay substance. As fine silt has little or no bonding 
power, it would exert a great effect on the results obtained in any ex- 
periment in which the amount of clay obtained from naturally-bonded 
sands was used as a criterion of the bonding capacity of the clay of 
such sands. 

It would have been interesting had the author been able to make a 
petrographic analysis of the clay material obtained by the A.F.A. stand- 
ard clay separation method to determine which of the three general types 
of clays were present in each of the naturally-bonded sands used in the 
experiments. 

Following this, an attempt might have been made to separate the true 
clay from the naturally-bonded sands, and then mix it with the sand 
used in the other mixtures. 

The paper also contains some interesting figures on the dry strength 
of the different mixtures. Too much weight should not be attached to 
these, as they were allowed to cool in the air before testing. Had they 
been cooled in a desiccator, the results would probably have been quite 
different. 

CHAIRMAN KNIGHT: What check was made on the amount of the 
fines accumulation in the sand to determine the effect of this accumula- 
tion on the dry strength? Is it true that the accumulation of fines would 
tend to show a higher green strength and yet actually the dry strength 
would be lower? 

Mr. CoVAN: I did not make a check of the fineness distribution after 
the heats were run. I think that it should be done and that it would give 
information that would bear out your statement about green and dry 
strength. 

H. W. DieTerT?: In place of stressing durability in grams of clay 
added, perhaps it would be more practical to stress the cost of the mate- 
rial added, taking, for example, Chicago, Detroit and Newark as basing 
points. In that way, we would have a more practical figure. 


2 Harry W. Dietert Co., Detroit, Mich. 
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Mr. CoVAN: I think your suggestion might have vaiue in regard to 
applying the durability test to a foundryman’s use. The values of this 
particular paper are set up in an effort to provide a basis of determining 
whether or not a proposed method is reliable or not. The whole point in 
doing this test work is to set a basis. I think we are all agreed that the 
repeated-pour test method is the best we have at present. Therefore, 
we will use the data obtained in this investigation as a basis in checking 
whether or not any proposed method is successful. 

Mr. DIETERT: The author’s tests show, for example, that bentonite 
is 132 grams; kaolinite, 122 grams. Somebody might think that the cost 
for 132 grams of bentonite would come awfully close to kaolinite, but the 
cost is high for 132 grams of bentonite as compared to 122 grams of 
clay. If we are going to use both of these figures as indices in durability, 
I believe we would have to consider the cost. 

CHAIRMAN KNIGHT: I believe that your comment is correct so far as 
the practical application is concerned, but I do not think that was the 
purpose of the paper. The purpose of the paper was to try to establish 
a practical series of tests to determine how much material must be 
added to maintain a required strength rather than how much it costs to 
maintain that strength. 

RUSSELL MANLEY®: I believe that different kinds of castings and dif- 
ferent kinds of sand give a different result. Two examples might be 
pouring a car wheel and pouring ornamental curtain hangers. When a 
car wheel mold is shaken out, the sand is red. The clay is getting tremen- 
dously more severe treatment than the clay in a light casting shop. The 
durability factor is directly related to the kind of work the sand is taking 
care of. 

We also find that the permeability of the sand, plus the weight of the 
casting, affects the depth to which the heat penetrates. The depth to 
which that heat penetrates directly affects the durability of the sand 
for it is the factor which determines how far back the clay is dehydrated. 

Mr. CoVAN: The main thing about that suggestion is the fact that we 
are trying to set up an average condition and confine it specifically to 
a medium class of sands used, approximately 6 lb. per sq. in. green com- 
pression strength. After we determine a successful test method, then 
there is a possibility of investigating these various outside effects and 
possibly suggesting modified forms of the test to cover varying con- 
ditions. 

Our sand-to-metal ratio in these tests was one weight of sand to two 
weights of iron which was thought to be severe enough in this particular 
case to make our results readily noticeable. 

Mr. MANLEY: An average determination is a good thing, but is it 
what we want? After we get the results, do they mean anything? 

We have just started some work on durability and it begins to look 
as if the temperature to which we heat the mold surface should be direct- 
ly correlated to the type of sand we are using. When using a fine sand, 
the mold surface should not be heated to anywhere near the temperature 


3 Manley Sand Co., Rockton, Iil. 
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it is when using a very heavy sand. 

Mr. CoVAN: The Subcommittee on Durability of the A.F.A. Foundry 
Sand Research Committee has been following the durability problem 
with the idea of trying a number of different test methods. They have 
suggested investigating the temperature to which the surface of the mold 
is subjected in a panel form, etc. But what are the results to be com- 
pared with if there are no values to start with? 

Mr. MANLEY: Would it not be better if we started by measuring mold 
temperatures, starting with the finest castings and working up to the 
largest castings, getting the temperature back from the surface of the 
mold as close as we can put a thermocouple and get a satisfactory result 
and finding out through that data what heat we are getting on all these 
different weights of casting, or, shall we say, in the different kinds of 
sand? From there we can work into our durability. 

MEMBER: I am in hearty accord with Mr. CoVan. I believe that his 
entire work has been as a guide to the shop men. We have been given 
information as to what one material will do in regard to another, and 
it is up to us to decide which material is going to be the most practical 
and most economical under our own conditions. 

N. J. DuNveEcK!: Dr. Ries’ comments suggested that our interpreta- 
tion of the facts presented depends upon how we rearrange them and 
look at them. That is true and, possibly in looking at the durability test. 
we should consider the fact that one foundryman might be looking for 
something very different than another. 

In this series of tests, I understand the author started with a compara- 
tively large amount of sand, additional material being added on each 
remix. Therefore, on the first few heats, he had a fairly substantial 
amount of new material going in, which might be similar to the case of a 
man using the sand only a few times. At the end of those tests, he might 
have been getting closer to the typical gray iron system where the sand 
is used repeatedly. 

It is a case of rearranging the results and looking at them from each 
particular angle. One man might say he is interested only in the first 
four heats. I noticed one of the illite curves seemed to pitch a little 
sharper than the other. A man looking at the first four heats would find 
he had added 57 grams of illite as compared with 48 grams of montmoril- 
lonite. A man looking at the last four would see he had added 91 grams 
of illite as compared to 54 grams of montmorillonite. 

CHAIRMAN KNIGHT: From a practical standpoint, each foundryman 
has to interpolate these results to his own conditions of operation. There 
are many other variables that will enter into it. The type of equipment 
he has, and the condition of his sand will definitely affect any results 
he might get. In experimenting with fines control, a good many condi- 
tions are upset on which all these durability tests have been based for 
years and years. A mechanized foundry today cannot be operated with 
any high degree of success or economy without controlling the sand. 

There is a lot in this subject of durability and it has a very definite 


i Eastern Clay Products, Inc., Eifort, Ohio. 
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effect on the sand, not only on the cost of the materials being used but 
on the cost of cleaning and finishing castings. 

E. C. SAWYER’: I agree with Mr. Manley that the average foundry- 
man should not try to interpret these results in terms of his castings un- 
less his castings are somewhat comparable. If it is a foundry that has 
very heavy castings and very open sand, or, to take the other extreme, 
a very light foundry with a tighter sand, the foundryman could not 
take these average tests to mean anything to his foundry except as a 
means for him to determine tests from which he could get his results. 

Mr. MANLEY: That is right. I think we ought to set up a classifica- 
tion of sands and determine what these sands are going to be used for. 
There is a limit on that, of course, but moving up in permeability brings 
into consideration a different range of castings that are put into these 
sands. I think we should take that factor and determine it. 

For instance, we are doing some work on durability with a gas-fired 
furnace. The sand is 2%-in. deep, the mold face is 3-in. high and 4-in. 
in diameter, open at each end. The mold face can be heated to-2500°F. 
in 5 minutes, and we know that with a sand of approximately 10 permea- 
bility, and the mold face heated to 2500°F., we cannot pour any kind of 
gray iron because, in sand of 10 permeability, no one pours a heavy 
enough casting to get the mold face up anywhere near that high a iem- 
perature. On that kind of sand, it is necessary to adjust the temperature 
of the mold face to the type of metal poured into it. 

Co-CHAIRMAN WEAVER: I am in accord with Mr. Manley regarding the 
variable that exists due to weight or cross-section of a casting. All this 
leads to my personal opinion about durability. Why not eliminate all 
these factors of cross-section, weight of casting, type of sand, etc., by 
putting more thought and effort on some means of determining the 
durability of the clay or bond involved rather than sticking to this idea 
that it must be done by the recast method? 

M. E. GAantz®: It seems to me that if the sand and all conditions of 
the test are kept the same, the durability of the clays involved very defi- 
nitely will be determined by the method described by Mr. CoVan. As 
long as the same sand is used throughout the test and as long as 
all other factors of the test are kept the same, the durability of the sand 
being tested is dependent upon the clay, and, hence, the test will demon- 
strate the durability of the clay. 

Co-CHAIRMAN WEAVER: That does not take care of the man who wants 
to know how durable a material is for his work under his conditions at 
certain temperatures, etc.. or the cost per unit weight of castings. 

Mr. GANTZ: That may be true, but it is practically impossible to set 
up a test that will satisfy the conditions of all the foundries existent and 
answer each man’s separate problem. 

Co-CHAIRMAN WEAVER: I do not agree with you. If we determine once 
and for all the relative durability of one specific factor, the clay, the 
bond, and then, by simple deduction and test, everything being con- 


5 Ayers Mineral Co., Zanesville, Ohio. 
6 American Magnesium Corp., Cleveland, Ohio. 
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sidered, determine in one particular case which of the materials is the 
best, we have the answer to the problem. 

Mr. GANTZ: Can the durability of any specific clay be determined 
from the test described? 

Co-CHAIRMAN WEAVER: Yes, provided the same long and tedious 
procedure is performed, but the results will only hold true for identical 
conditions which may not prevail at one foundry in a thousand. 

Mr. GANTZ: It seems to me that any general test still will not give 
the information desired. 

Co-CHAIRMAN WEAVER: On the contrary, if we agree that the dura- 
bility of a sand is related’ to the durability of the bond and we have «he 
relative durability of the bond, that factor becomes a constant for fur- 
ther calculations in a study of the other variables. 

Mr. GANTZ: For how many heats? 

Co-CHAIRMAN WEAVER: That is arbitrary. 

Mr. GANTZ: Arbitrary from foundry to foundry. The durability will 
vary according to the grain size of the sand. 

Co-CHAIRMAN WEAVER: No, I do not say that. I say the durability of 
a sand varies with the durability of the bonding agent, particularly. The 
grain size is a variable of secondary consideration. 

Mr. GANTZ: I do not see why we cannot derive that from this test as 
well as from any test which might be devised. 

Co-CHAIRMAN WEAVER: I don’t say that you cannot, but the present 
re-cast method seems too long drawn out and not to the point. 

MEMBER: When an attempt is made to draw conclusions as to dura- 
bility of a clay through any test on that clay without regard for the 
variables of use, it means a lifetime job. We have spent a lot of time 
and money on it so far. 

Co-CHAIRMAN WEAVER: The only point I am making is that we seem 
to have a lifetime job as it is in trying to satisfy every individual condi- 
tion. If we start right and decide first of all the relative durability of 
the bonding agents, the other factors may prove less difficult. 

MEMBER: Almost every material that enters into the foundry must 
be considered in certain groups. If we cannot take one durability test 
as far as Mr. CoVan has and say that it applies to all groups, can we 
take several different groups and calculate, by some practical use test, 
something that introduces the variables which the foundryman will find 
in use? I do not think we can get anything without it. 

Co-CHAIRMAN WEAVER: Agreed. I hope that I have not been mis- 
understood. I am not detracting in the least from Mr. CoVan’s work. He 
pointed out himself that the Subcommittee on Durability decided that 
the re-cast test, at the present time, was the proper test to make. I still 
insist that, if we put enough effort on the subject, we will be able to 
solve the fundamental problem of the durability of the bonding agent 
first and then start on a program of the influence of sand fineness and 
other variables without the laborious re-cast work. 


Dr. Ries: I have been listening to these varying opinions with interest. 
I do not think that we should consider the Durability Subcommittee work 
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as finished. It has just started. Personally, I would like to see this same 
set of experiments run with a coarser sand and see if we can get the 
same relative results. Or we might also try running it and using a larger 
casting. 

I do not think the subcommittee said this is the thing to do. I think 
they said it is the best thing to try first. 

Co-CHAIRMAN WEAVER: I agree with you. All I am trying to do is to 
get a little more interest in some other means of testing durability. 

Dr. RIES: Do you prefer to try the clay alone and see how long some 
of it will last? 

Co-CHAIRMAN WEAVER: I still have confidence that some means will 
be found for determining the relative strength or other physical prop- 
erties of the clay after a progressive heating of the clay itself, subjecting 
it to dehydration and then using it, after each successive temperature 
treatment in the standard A.F.A. strength test, or even in a casting test, 
to determine the properties in that regard rather than just the break- 
down that occurs in the present re-cast durability method. 

Mr. CoVAN: That is exactly the use to which we want to put the values 
that we have obtained. A lot of people have ideas as to how to tackle a 
problem but who is going to say which idea is good? I think we should 
take the results on these identical materials, compare them to the values 
we got and see how they stack up. 

Mr. DIETERT: We could make a little progress if we would test our 
sands under different temperature ranges. Those for steel would, per- 
haps, be heated to 2700°F. and tested; for heavy gray iron, 2600°F.; 
light gray iron, 2400°F.; and non-ferrous, down to as low as 2000°F. or 
into the 1000°F. range. It would be a tremendous amount of work but it 
might satisfy the two schools of thought. 











Gating Malleable and ArmaSteel Castings 


By F. E. Reeves*, Saginaw, MIcu. 


Abstract 


Since the beginning of the malleable foundry industry. 
problems of gating castings and causes and methods of 
eliminating serap in malleable castings, have existed. Due 
to these facts, the author has described different methods 
used by his foundry in the gating of malleable iron cast- 
ings. Every casting is practically a new problem in itself, 
as they all are laid out differently. The ability to arrange 
gates and make pattern layouts comes only from experi- 
ence and practical knowledge of the foundry. 

There are many causes of defects in castings; some are 
shrinks, cold shuts, misruns, scabs, chill kicks, hot cracks, 
and mottled iron. This paper covers the changes that 
have been made in the author’s foundry to eliminate and 
reduce the total per cent of scrap on their castings. 


INTRODUCTION 


1. This paper is on the methods of gating malleable and ‘*‘ Arma- 
Steel’’ castings, which are entirely on production in our foundry. 
The majority of our patterns are laid out in a composite form of 
grouping the large and small castings in one mold. Machine line 
and double match molding are at present the greatest part of our 
pattern equipment. 


2. <All our drop plate equipment in machine molding is stand- 


ardized to 20x 20 and 20 x 23-in. in length and width, with the 
depth of the cope and drag varying with the type of job. Double 
match copes and drags are made on the same machines using drop 
plate pattern equipment with a standard flask size of 1614-in. x 
1814-in. x 5-in. 


3. Our patterns are mounted on drop plate equipment on 16- 


ft In the absence of the author, this paper was presented by C. Arnold, Saginaw Mal- 
leable Iron Div., General Motors Corp., Saginaw, Mich. 

* Saginaw Malleable Iron Division, General Motors Corp 

NOTE This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 20, 1942. 
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in. cylinder molding machines. All our jobs have individual squeeze 
blocks made of hard maple. The taper of the blocks varies from 2 
to 10° depending upon the type of the pattern. The blocks will 
vary in length according to the mold being made. Molds squeezed 
too hard over certain parts of the pattern will cause scabs and 
blows. 

4. Pattern layouts, gating arrangements, and fillets are the 
hardest to determine because, to date, there is no set or fast rule 
as to the gating of malleable iron castings. Sometimes one will 
have to use exactly the opposite method than had been employed 
on previous jobs. 

5. Dendritic structure in castings is one of the hazards of the 
foundry. Using chills wherever possible, and holding carbon con- 
tent around 2.70 per cent, helps to prevent this structure. Chang- 
ing the types of chills as to size and contours, or arranging the 
chills in different sections of the castings, are items that have to 
be taken into consideration. Chill kicks and blow are sometimes 
eaused by the condition and arrangement of the chills. 

6. The foundry has a synthetic sand system, where the sand 
is mixed in a continuous muller. Each sand unit has approximate- 
ly a 165 ton capacity. The amount of sand used per hour is 100 
to 120 tons. The sand temperature at the molder’s hopper averages 
135°F. during the winter months. Moisture content varies from 
4.5 to 5.0 per cent due to the condition of the weather, the types 
of jobs, ete. Permeability varies from 36 to 42, clay content 12 per 
cent, sea coal 5.5 per cent, and the core sand fineness varies from 
65 to 70. 

7. Today, due to aluminum shortage, patterns in our plant are 
being made from ArmaSteel with hardened chill and core seats. 
Some of the patterns have run steadily for over one year without 
being repaired. The average molds produced from these patterns 
average 1500 per 16 hrs., 5 to 6 days per week. 


SLAG 


8. Slag is usually caused by impurities or agitation of iron in 
molds. Any foreign substance in the iron such as dirt from mold- 
ing sand causes slag to form. To prevent the formation of slag, it is 
essential that all runners and molds be kept free from dirt, fins, ete. 
Slag is, indeed, one of the trouble makers in the production of 
good, sound eastings and, as yet, there is no positive prevention 
for it. 
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9. Occasionally slag will enter the mold with the iron, and will 
also form in the easting during the process of pouring. The disturb- 
ing action of the iron causes the impurities to become localized and 
oxidized, and no longer an intimate part of the iron. The slag 
formed usually floats to the surface near the gate. 

10. The greater the disturbance of the iron, the more slag will 
be formed. For example, take any ladle full of iron and skim it 
free of slag. A clean iron rod placed in the iron will form slag 
immediately due to the boiling and disturbing action caused by the 
rod. 

11. Pouring iron in pigs will cause slag to form immediately at 
the point where the iron enters the mold. Slag will form in a 
heavy casting which is all located in the drag half of the mold, due 
to the distributing action of the iron which is similar to the reac- 
tion developed when pouring iron into a pig. Slag will usually 
accumulate at the flat surface in the cope at the gate. 

12. Several methods are used to eliminate or distribute slag in 
the molds. Some are as follows: Placing a skim core at the base 
of sprue; skim core in cope sprue cup; skim core used on offset 
sprue ; skim core placed in cope at mouth of sprue; and skim core at 
base of sprue; and in castings with tall perpendicular walls gate 
cores are usually used. A small slab core set in the basin has worked 
out satisfactorily on several patterns. 

13. In one case, differential carriers were showing approximate- 
lv 15 per cent slagged castings. In an experiment of gating, run- 
ners were built larger, chokes and so-called slag catchers were used, 
but slag still prevailed. Castings and runners were left together 
and then sand blasted. The carriers showed slag at the bottom gate 
and the runners also accumulated slag. The runners were gradually 
reduced to 5g-in. and the choke in the runner down to %%-in. The 
serap due to slag was entirely eliminated. Changing the gating 
arrangement of the carrier so the iron would feed in from the drag 
decreased the disturbance of the iron and the formation of the slag. 
We think the above statements will prove that most slag is formed 
in the mola. 


SHRINK AND SHRINK CRACKS 


14. Shrinkage is usually encountered in every malleable iron 
casting. The correct design of the pattern and the exact location 
of the shrink bobs, are factors to he taken into consideration when 
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trying to eliminate this shrinkage. Locating the bobs requires a 
evreat deal of experience and practical knowledge. Sometimes 
shrinks will result from either adding or removing metal. 

15. Shrinkage will usually occur in a casting where a heavy 
section joins a light section. In the process of cooling, the heavy 
section will feed the light section and the heavy section will begin 
to shrink unless live iron is brought in by aid of a shrink bob. In 
some types of castings it is difficult and sometimes impossible 
to gate in the section shrinking. In these cases chills are often used. 
Chills will cause serap, such as chill blows, and will tend to drive 
the shrink to some designated point in the casting. Several differ- 
ent designs of chills may have to be used before one is found to 
cool the section properly, to give a shrinking rate the same as the 
rest of the casting. 

16. Hot or cold iron will cause a shrink. The design of the 
pattern plays an important part in eliminating shrinkage. There 
are several rules that must be followed as to gates, size, position, 
and location of the bobs or feeders. The bobs should be as close 
to the casting as possible and feasible, and the gates as large as 
possible, with the breaking point in exact place and parallel to the 
casting at that point to avoid a break in the castings. The basins 
also must be tapered back to prevent sand from washing into the 
castings. Gates of the casting must remain hot or in a liquid state 
until the casting is entirely fed, therefore, basins should be made 
one-half the height of the bob. The bob should extend to the same 
height or above the height of the casting in order to get best results. 
As a rule live bobs are used wherever possible, but ‘‘blind’’ or 
‘‘dead’’ bobs have been used and produced good results. 

17. In some instances, blind or dead shrink bobs give better 
results than live ones. Shrinks in a hanger casting were removed 
by making shrink bob dead, as shown in Fig. 1. 


Hor CRACKS 


18. Hot cracks are a menace to the malleable iron industry. 
and, as is well known, cause considerable scrap. The hot cracks are 
due to the linear shrinkage of the metal cooling from molten to 
white iron state. Some causes of hot cracks are cores that are too 
high in baked tensile strength, thin sections cooling more rapidly 
than heavy sections, and iron in a hard state; the latter is prob- 
ably the most destructive of the three causes. 
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Fic. 1—Hancer CASTING—SHRINKS REMOVED BY USING “BLIND RISER’’ SHRINK Boss. 


19. Brake and clutch pedals are likely to have hot cracks caused 
by the heavy bosses adjoining the thin shanks. The pedals also give 
considerable trouble, having a tendency to erack behind the foot 
pad. The sketch of Fig. 2 shows one of these castings prior to a 
revised gating. The cracks were eliminated by adding crack strips 
at the heavy boss or heavier section. The runners were redesigned 


(Fig. 3) to a shape similar to an expansion joint on steam lines. 
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The gate at the pad was raised about °¢-in. eliminating the crack 
on the shank. 

20. The runners were choked on a one-piece case (Fig. 4) to 
eliminate cracks, and a carrier was choked and chilled. The sketches 
of Fig. 4 show the choke and gating arrangements. 

21. A large truck carrier, weighing 67 |b., ran 30 per cent serap 
at the start of the model. At first considerable trouble was had 
with hot cracks. Changing the core sand mixture to a lower tensile 
strength eliminated the hot eracks, but caused the core to wash. 
The core was then washed with an oil-less core wash, but this caused 
core kicks. Hot cracks were finally eliminated by adding one ad- 
ditional gate. Trouble was also had with seabs which were run- 
ning approximately 5 per cent. The seabs were eliminated by 
adding a ram-up core below the gate. Difficulties were had with 
the heavy nose of the front of the carrier, battering at the shake- 
out sereen when the mold was dumped. From our first run of 
carriers the customer had considerable trouble in cleaning up the 
boss. A chill with a hole completely through the center was made 
up and used. A piece of paper was glued on one side of the chill 





SECTION A-A 


Fic. 2—BRAKE AND CLUTCH PepaAL CastTiINnGs LiaBLeE To Hot CRACKING CAUSED BY Heavy 
Bosses ADJOINING THIN SECTIONS. 
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to prevent sand from plugging the hole when the mold was being 
made in order that the chill would remain on the casting when 
poured. The chill then took the battering against the shake-out 
screen instead of the boss. The sketch of Fig. 5 shows the design 
of this chill and also the present gating arrangement. 


SCABS 


22. Seabs are similar to blows and are caused by ramming the 


mold too hard, or may be caused by the sand being too wet, too high 
in bond, or the permeability too low. 

23. Molten iron flowing over hard sections of the mold or 
dropping to the bottom of the drag, creates a gas thus kicking and 
causing a blow or scab. The harder the sand is rammed, the lower 
the permeability of the mold, and when iron flows over the hard 
sections tue iron will kick off a thin layer of sand. This will occur 
when the iron is still flowing in the mold. The iron will pick up 
the loose sand and wash it to different sections of the mold creat- 
ing a scrap casting. How much dirt or sand is washed into the 
casting depends on the temperature and rate of flow of the iron. 


24. Several jobs in our foundry scab when the sea coal drops 
below 5.5 per cent, or when the sand has too many fines and the 
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moisture content is too high. The sand is tested by the laboratory 
every hour to keep it in good condition at all times. The sand test- 
ers must be on the alert to keep the sand in this condition as we 
run about 120 tons of sand per hour on a unit. 

25. Seabs were eliminated in one of our composites by using 
a ram-up core as permeability is greater. In several other jobs jolt- 
ing has been reduced and the squeeze head redesigned over the 
point on the casting showing scabs. 

26. <A large carrier showed a scab below the gate. At first a 
ram-up core was used, but the casting still had a tendency to show 
a slight seab. As 110 pounds of iron was poured in this mold, one 
more gate was added. This reduced this one gate to one-third of 
the iron and eliminated the scab almost entirely. 

27. Following are several procedures that should be taken 
into consideration when trying to eliminate scabs: 


See 
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Fic. 4—Cuokinec RUNNER TO ELIMINATE CRACKS. 
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(] Cheek mold for hardness. 


2 Too much iron may be flowing through one or more 
gates. The runners may be choked or another gate added 
as a remedy. 

(3) Check the sand as to per cent of sea coal, permeability, 
moisture, and per cent and type of clay used. 

(4) An almost sure cure on our type of work has been to use 

a ram-up core. 
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Fic. 5—DesiGN or CHILL AND Latest GATING ARRANGEMENT FOR LARGE TRUCK CARRIER 
CASTING. 
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MIsRUNS AND CoLp SHuTS 


28. The temperature of the iron as tapped from the electric 
furnace is around 2840°F. <All our ladles used are covered or in- 
sulated which prevents the iron from losing an excess amount of 
heat and avoids misruns, which may be caused by the iron being 
eold. 

29. Pattern layouts on all composite equipment should be given 
consideration as to gating and locating of patterns in molds which 
will help to eliminate misruns. 

30. Misruns may be eliminated, especially on small and thin 
wall castings, by redesigning the casting or by adding more metal if 
the customer permits this being done. Regating on some of our 
jobs has eliminated misruns. 

31. Housing patterns were laid out for one sprue for 2 cast 
ings. The changing of models in one case caused us to change our 
entire pattern layout for this housing. A four-on pattern equip- 
ment was made up with one sprue for four castings, using a 24- 
in. round flask. At first the castings misrun. However, the runners 
were made larger, and a larger skim core was used (Fig. 6) which 
nearly eliminated the misruns. 

32. On a defense job, cold shuts and cracks were the greatest 
per cent of our scrap. The misruns were reduced by making two 


Fic. 6—HovusiInG PATTERNS ARRANGEMENT. 
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Fic. 7—ARRANGEMENT OF A PATTEKN TO Revuce CoLtp SHUTS, AND CRACK STRIPS FOR 


ELIMINATING Hot CRACKS. 


bobs dead, and adding erack strips. See the sketch of Fig. 7 for 
this layout 

33. Beeause of worn patterns on our hub job, and an increased 
demand for the adjusting nut, a new composite was made, which 
contained four hubs and twelve adjusting nuts. The first day the 
job was run on production, approximately 50 per cent of the ad- 
justing nuts were scrap, due to misruns and cold shuts. A larger 
sprue post was added but failed, then the size of the runners was 
increased, but this also failed. The skim cores were left out, with 
the larger sprue post and runners remaining on the composite. 
but misruns and cold shuts still existed and the hubs were slagging. 
The misruns and cold shuts were almost entirely eliminated by 
choking runners down gradually (Fig. 8) so the hubs and ad- 
justing nuts would fill to proper level at the same time. 

34. On a spring hanger casting, the greatest percentage of our 
scrap consisted of misruns. The number of misruns were reduced 
by increasing the size of the runners and gates, but the drops in- 
creased about 30 to 40 per cent. The original layout had the gates 
located directly at the center of the pocket, which is shown in Fig. 
9. Misruns and drops were eliminated by moving gates to out- 


side of pocket. Some of the causes of misruns are: 














F. E. REEVES 579 


(1) Cold iron. 

(2) Too large percentage of sea coal in sand. 

(3) Improper gating. One and two gates will give better re- 
sults than three or four if such an arrangement is pos- 


sible. 
(4) Gates and runners too small. 
(5) Sprue eup not being hit properly by iron pourer. As a 


rule the iron should swirl around the sprue cup until 
mold has been completely filled. 

(6) Slag is sometimes the cause of misruns. Our foundry 
uses teapot ladles so that iron poured into the mold comes 
from the bottom of the ladles. 


ComPosITE Moup 





35. One of our composite molds was laid out with two pedals 


and two hubs, with one sprue for the two hubs, and one sprue for 
the two pedals. The sketch of Fig. 3 may be referred to as the 
layout of the composite. At first considerable trouble was en- 
eountered with slag collecting at the flange on cope side of both 
hubs. The runners on the patterns were rearranged several times, 
but slag still prevailed. A skim core placed both in the cope and 
drag, with the runners and gates arranged as shown in Fig. 3 en- 
tirely eliminated the slag. 
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ALL RUNNERS CHOKED 
AT THIS POINT 


Fic. 8—E.LiMINATING MiskuNS AND CoLp SHuTs BY CHOKING RUNNER. 
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6. Slag also appeared at the gates on the two pedals. The 
runners were choked, which seemed to increase the slag in No. 1 
pedal, and No. 2 pedal showed a misrun. The next step, all chokes 
were filled in and a skim core was added to the cope. This elimi- 
nated the slag in pedal No. 1, but No. 2 pedal still showed con- 
siderable misrun 

37. In the sketch of Fig. 3 No. 1 pedal was gated off one sprue. 
A short runner was used on No. 2 pedal from the hub sprue. This 


arrangement entirely eliminated the misrun and slag. 


CARRIER, CASE, AND BEARING CaP 


‘8. The original layouts of the carrier, case, and bearing cap 
molding equipment consisted of one carrier to a mold and four- 
piece cases to a mold. Bearing caps consisted of 12 patterns. At 
present a composite mold equipment is used with one earrier, one 
case, and two bearing caps. 

39. Carrier and cases were regated several times due to slag 
lodging in castings at the gate. Chokes were put on the earrier run- 
ners. Case runners were also choked. This eliminated the slag in 
the carrier, but not in the case. The case runner was choked still 
more, which entirely eliminated the slag in the case, but caused the 
ease to misrun. As the carrier and cap absorbed the iron, after the 
sprue was full and the iron pourers had gone on to pour the next 


Fic. 9—-Sprinc HANGER CASTING WITH CRIGINAL GATING, LATBR CHANGED BY MOVING 
GATES TO OUTSIDE OF CASTING To StoP MISRUNS AND Drops. 
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mold, the iron in the sprue would be lowered due to the case draw- 
" ing iron from carrier and cap, causing the entire mold to be serap 
as 40. In our final gating arrangement, a smal! slab core was 
’ made and used as shown in Fig. 10. The agitation of the iron was 
; eliminated by the core, stopping the direct flow of iron from the 
bob to casting. The iron flowed under the slab core. The chokes 
in the runners were filled and the slag and misruns were entirel) 
eliminated. 


PISTON 


#1. For a piston casting the core consists of five parts, which 
are assembled and gauged before being delivered to the foundry. 
All the core parts are thoroughly vented to prevent blows. All 
vents are tied in and lead to the back of the core to a main vent 
fastened to the pattern protruding through the cope. 

42. Several methods of gating were tried unsuccessfully before 
our present method was put into use (Fig. 11). The outstanding 
problem was to keep slag from forming at the ring grooves. How 
ever, it was necessary to keep the gates at the heavy sections to 
compensate for the shrinkage of the iron. The problem was over- 
come by extending the runners beyond the ends of the castings in 
a sharp bend, as is shown in the sketch, and since these runners 
fill with iron before the castings, they serve as slag traps and keep 
any slag from forming at the gates. 


TT GATE SKIM CORE 
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Fic. 10—Use or Gate SK1ImM Core To Stop Direct FLOW oF IRON FROM SHRINK Bos INTO 
CASTING. 
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Fic. 11—Piston CastTING GATING ARRANGEMENT TO ELIMINATE SLAG ENTRANCB. 


13. Trouble was also encountered with the sweep cores, chewing 
or washing at the two front gates. The sweep core is made from a 
very high tensile strength sand. The chewing of the cores was 
eliminated by attaching risers to the bobs thus relieving pressure. 
Scrap was reduced from 35 per cent to about 7 per cent. These 
pistons are used in diesel motors, and all must pass severe pressure 


tests before being used. 


THREE Part Moup ror Truck Housina CHANGED To Two ParRT 
MoLp 


14. Asa rule, our defense truck housing and similar jobs were 
made in three-part flasks, but due to the present high production 
rate and the shortage of snap flask stations, a two-part mold, using 
machine equipment, was laid out. A core was used to eliminate 
the check part of the mold. 





15. The distance between the housing and the flange is about 
tl.,-in. The casting is made up of various light and heavy sections ; 
therefore, a low tensile core had to be used, to overcome the possi- 
bility of shrink eracks caused by the core not breaking or burning 
up properly. The runners had to be enlarged to prevent misruns 
and cold shuts. Casting the core lightly with silica or oil-less core 
wash also helped to prevent cold shuts. The gates had to be en- 
larged to prevent shrinkage, and the breaking point could not be 
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incorporated, as the flat drier would crush the breaking point on 
the core. The gate was moved up, and the breaker was added as 
shown in Fig. 12. The job today is running a fairly low percentage 
of scrap, and the production was raised to about 3100 in 16 hours 
on two molding stations. If this particular job were laid out for 
one housing per mold, and with a three-part snap flask, the 
number of stations required for the above production would be 
23 hand pattern stations or two snap flask lines 


814-1n. Diese, Piston 


46. Considerable trouble was encountered with this large piston 
in the experimental stage due to slag, mottling, misruns, hot cracks, 
and porous castings. Mottling was eliminated by adding mottle 
pins (Fig. 13) 14-in. in dia., 1-in. in length, and spaced about *4-in. 
apart on the dome of the piston. 

47. Experimental work was also done with chills. In starting, 
a thin chill was used, and was gradually changed in thickness until 
a chill of the correct size was worked out. The light chills did not 
remove the porous condition in the ring grooves, and a too heavy 
chill caused chill blows and kicks. The present chill used is 114-in. 
x 144-in. x Y4-in. Chills were also added in the dome core in the 
drag to remove the shrink in the dome. 

48. Although crack strips were used around the wrist pin, 30 
per cent of the castings still cracked. To avoid misruns the erack 
strips were made heavier, but the cracks still occurred around 
the wrist pin. The cracking was entirely removed by placing crack 
strips within crack strips by sawing into wrist pin core. 

49. Chaplets are not used on this job, because they fused 
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Fic. 12—Truck HovusiInGc PATTERNS AND GATE ARRANGEMENT. 
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improperly in the casting causing leakers when the castings were 
tested under pressure. Core supports were installed in the flasks 
which hold the core in place at wrist pin and base, and no trouble 
has been encountered with core-offs. 

50. Slag was eliminated by extending runners beyond the bobs. 
The mold was tilted 144-in. on skirt end to avoid misruns in the 
ribs of the dome 

D1 The molds are allowed to cool 1% hours to prevent eracking 
at the skirt end. The core is washed at several places in the drag 





with an oil-less core wash, to avoid chewing of core and a rough 
casting surface. Using the above procedure, our piston scrap has 


heen reduced considerably. 


TrucK DRIVE SLEEVE 


52. Testing a truck drive sleeve casting with an electrical tester 
showed that mottling of the casting was running very high. The 
chills were rammed in the core and were shellacked and sanded 
after being baked. Dendritic spots appeared in the casting at differ- 
ent intervals, sometimes they were very heavy, also with chill kicks 
prevailing. The chills were removed from the core and redesigned 

Fig. 14) to set in the cope and drag alongside of the thick flange. 
The mottling and chill kicks were then entirely eliminated. 


DouBLE FLANGED Hus 


53. A double flanged hub had been in production for several 
years in our plant, and had run very well gated as shown in Fig. 


15 and using a eup core with two small chills glued into it. How- 
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ever, with the introduction of ArmaSteel into our setup it was 


eed en eee 


necessary for us to pour iron of about 2.70 per cent carbon. This 
carbon content, along with method of gating and the size of the 
bobs, had a tendency to cause shrinks on the flanges at the gates. 
This condition was remedied by removing the bobs from the small 


6 tama ch aera) ea 


flange, thus leaving the job with gating as shown in Fig. 16. 


CAM-SHAFTS 


54. Cam-shafts are made four in a mold with two shafts per 
sprue. At first considerable dirt appeared in all molds along part- 
ings. Choking the runners cut down the dirt, but did not remove it 
entirely. Different facings were tried but failed. The runners were 
cut down until the castings misrun. Dirt was eliminated by making 
up a core as shown in Fig. 17. Cores were set in the runner of drag 
to by-pass the metal to ends of castings, with the metal gradually 
flowing to the center of mold until the sprue was entirely level. 


Five PATTERNS ON ONE GATE 


9). The casting of Fig. 18 showed internal shrink when eut up 
and etched. Several changes were made on the casting layout. 
Larger bobs were used, larger basins, and larger gates, but the 
shrink was not eliminated. Finally this problem was solved by 
removing one bob from each casting and leaving only one gate as 





shown in Fig. 19. 


BROKEN CASTINGS 


56. Several types of castings are broken due to rough handling, 
but the greatest number of breaks occur when the bobs and runners 
are removed. The castings must have a gating arrangement to 
avoid misruns, shrinkage, hot cracks, etc. Breaking points on al! 
vates should be made in line and at right angles to the bobs and 


)) 





Fic. 14—Truck Drive Steeve Corre with PastTep CHILL, AND Cuitt Usep To REPLACE 
CHILL IN CORE. 
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PRODUCING SHRINKAGE AT FLANGES. (SEE Fic. 16 FoR New ARRANGEMENT.) 


designed to remain back toward the bob as far as possible. Gate 
pads, as well as fillets, are often used on our castings. 

57. Chokes are added (if possible) to the runners on castings 
having more than one bob or a series of bobs, tied in by one runner, 
so that the first bobs can be broken off individually, especially 
where gates and breaking points do not run parallel to the casting. 
On some of our jobs where the bobs are difficult to break off, larger 
bobs are used where possible, so that when the mold is dumped on 
the vibrating shake-out screen, the bobs will break off while hot. 
This usually leaves heavier gates which increase the man hours in 
grinding but actual figures show a saving between man hours and 
the loss of scrap previous to enlarging the bobs. 


BROKEN CORES 


28. f.ow tensile strength cores are necessary on several of our 
jobs which have extremely thin sections. Cores placed vertically 
in the mold must be held securely in the cope, as well as the drag. 
or the pressure in the iron will snap the core at its weakest point. 

59. Some of our cores, set horizontally in the molds, were crack- 
ing or breaking in two. By changing the core print and locators, 


and tucking cores in at one end pushing the core snug against 
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opposite end of core print, we have practically eliminated our scrap 
due to broken and cracked cores. In some cases our cores are rein- 
forced by rods or wires. To some of our core sands we add iron 
oxide to eliminate cracked, broken, and chewed cores. This oxide 
vives the sand an elastic effect. 


Mortriep IRON 


60. Mottled or dendritic iron is very harmful to the castings and 
is one of the hardest conditions to detect. At present there is no 
hard or fast rule to follow in eliminating this structure. 


Some of the causes are: 
(1) Iron left in the furnace for a long period of time due to 
breakdowns or holdups. 

2) Weather conditions and chemical compositions of our 


raw materials. 


61. On several of our later jobs, such as cranks, pistons, and all 
ArmaSteel defense, parts are hooked out at the shake-out to cool 
individually. The castings then are placed on top of buckets of our 
conveyor, with other red hot castings where they remain until 
dumped on the sorting belt. This method has proven entirely satis- 
factory on these jobs, and also tends to reduce such strain eracks as 
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Fic. 16—Dous.e FLANGED Hus PatTTeERN—New ARRANGEMENT. 
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Fic. 17—CAM SHAFT PATTERN WITH CoRE TO PREVENT DIRT IN CASTINGS. 


might oeeur in pistons at ribs adjoining wrist pins to dome. 


62. Mottle iron can also be prevented by the use of chills, 
fins, and mottling pins. Cores shaken out from castings as soon as 
possible will also help to reduce mottling. 


Cuim.L Biows 


63. Chills at times are very troublesome, causing scrap and 
considerable expense, due to loss of chill in the sprue, and the cost 
of preparing and placing them in cores or molds. Chill design 
should be carefully watched to hold serap as low as possible. If the 
chills are too heavy or too light they will blow or stick to casting, 
causing internal kicks and blows. For good results, chills must be 
absolutely dry, free of rust, and above all must be properly placed 
in mold or core. The adhering of chills to castings is prevented by 
either shellacking and sanding or by dipping the chills in a heavy 
fuel oil. 


64. When transferred to the foundry, the chills should be kept 


in a warm, dry place or near a gas flame to keep them warm and 
dry. Chill blows are also caused by the use of oil or aleohol. Chills 


glued in cores must be absolutely dry and properly shellacked and 
sanded. Excessive use of red tale should be avoided as it will cause 
scrap due to chill kicks and chewing of cores. Chills should be 
placed in a mold, if possible, so they will gradually absorb the 
heat from the molten iron, which will keep the chill kicks and blows 
to a minimum. 
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Fic. 18—Five PATTERNS ON ONE SPRUE GIVING TROUBLE FROM INTERNAL SHRINKS. (SEE 
Fic. 19 For New ARRANGEMENT.) 
STRAINS 


65. Our new pattern equipment jobs are usually mounted on 
extra stations in the foundry. Molds are made and checked for 
crushes, proper matching of cope and drag, ete. The pattern is 
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Fic. 19—REARRANGEMENT OF PATTERNS OF FiG. 18 To OverCoME INTEKNAL SHRINKS. 
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then removed and taken to the shop where all the faults are cor 
rected. 

66. No bottom boards are used on any of our machine line jobs, 
but all flasks are barred properly to eliminate strained or swelled 
castings. To avoid drops and runouts the molders must use care 
in rolling drags over or closing the molds. 

67. Automatic timers are used on practically all of our mold- 
ing machines to insure each mold receiving the correet. number 
of jolts and the correct squeeze. To keep the strains down to a mini- 
mum, all the flasks are filled level to the top of the flask and struck 
off properly after jolting. Several of our castings have ram-offs 
similar to strains, which are eliminated by use of ram-off strips 
on pattern. The iron pourer’s ladle must be held the proper dis- 
tance above molds during pouring. 


CorE SAND MIXTURES AND FoREMAN ROUTINE 


68. Core sand mixtures used in our foundry are given in Table 
1 and the daily routine items for our foremen in the foundry are 
civen in an appendix to this paper. 


CONCLUSION 


69. Production of good sound serviceable castings is a job of 
every foundryman. If he will take the principles set forth in this 
report and apply them, he shouid be able to keep his total per cent 
of scrap down to a minimum on most jobs. 


Appendix 
Daily Routine for Foundry Foreman 


Foundry 

1—Check following items listed: loose patterns—nicks—worn patterns 
and chill pins—loose or worn steel frame inserts—worn pattern pins 
and bushings—worn sprue posts or cups—proper date and hour 
pads—are runners clean of fine or tearup, also gates and pads? 

2—Are machines properly shimmed, bumping pads touching, or too 
many shims under bumping pads? 

3—(A) Are machines jolting and squeezing properly? 
(B) Slow draw adjusted properly? 

4—Are proper flasks being used—check for broken and bent bars, loose 
bushings and pins. 

5—Are proper squeeze heads mounted and lined up properly? 
Do blocks touch flask bars? 
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6—Are machines level on base and dogging level? 

7—Are machines properly oiled? 

8—Are lines greased regularly? 

9—Are molders filling flasks before jolting? Are molds properly struck 
off? 

10—Are carry-out men keeping patterns clear and blowing out drags 
before they are closed? 

11—Are core setters inspecting molds and setting cores properly? 

12—Are core passers inspecting cores before they are put on cooler? Are 
cores clean? 

13—Is clamp-up man clamping molds properly? 

14—Are iron pourers pouring at proper height for different molds, or 
bumping molds? 

15—Are shake-out men watching for scrap at shake-out? 

16—Is sand O. K.—moisture, bond, permeability, sea-coal? 

17—Are sand screens working properly to keep cores and other coarse 
particles out of sand? 

18—Is your work area clean and orderly? 

19—Have samples been checked on each job? 


DISCUSSION 


Presiding: C. F. JOSEPH, Saginaw Malleable Iron Div., General Mo- 
tors Corp., Saginaw, Mich. 

Co-Chairman: R. J. ANDERSON, Belle City Malleable Iron Co., Racine, 
Wis. 

J. H. LANSING!: I was interested in the points brought out with regard 
to reducing the number of feeders and getting as satisfactory results, 
but in every case, that was due to the fact that you had the metal cooled 
more slowly in the castings, was it not? 

Mr. ARNOLD: That is right. 

Mr. LANSING: In connection with your statement that when you 
started to pour more ArmaSteel you ran around a 2.70 per cent carbon, 
was that a higher or lower carbon than the usual run? 

CHAIRMAN JOSEPH: I don’t believe that was the idea because Arma- 
Steel is poured from the very same metal that the rest of our malleable 
is poured. There is no change in the metal, whether it is ArmaSteel or 
the regular white iron for malleable castings. 

Mr. ARNOLD: When we started to pour ArmaSteel, we did change the 
carbon content slightly. 

CHAIRMAN JOSEPH: Over a period of time, we have lowered the car- 
bon slightly. Where it used to be 2.80 per cent, we have now gone down 
to 2.65 per cent and 2.68 per cent. 

Mr. LANSING: Did you find that lowering the carbon somewhat was 
as effective as using the cooling fins—that lowering the carbon helped 
in preventing the formation of primary graphite? 

Mr. ARNOLD: It helps along the same direction but some of these cast- 
ings contain heavy, large sections and do need mottling pins. In some 


|! Malleable Founders’ Society, Cleveland, Ohio. 
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cases large fins are used. 

MEMBER: Does the use of iron of a high carbon, such as a 2.70 per 
cent, require less or more feeding than a lower carbon of 2.40 per cent? 
Does a higher earbon produce the amount of feeding necessary to avoid 
shrinkage in a casting? 

CHAIRMAN JOSEPH: There is no question in my mind that the higher 
carbon metal shrinks considerably less than the lower carbon metal. In 
fact, I have seen castings tested that were made of high carbon metal, say 
2.60 to 2.80 per cent carbon, compared to a lower carbon iron, around 
2.25 per cent carbon, and on the machine, the casting made from the 
higher carbon iron actually stood up as good as the one made from the 
lower carbon. It is also true that the lower carbon metal shrinks more 
than the higher carbon. It has been definitely proved that the higher 
carbon metal machines easier, shrinks less and feeds better. 

MEMBER: In our foundry, before we mechanized and started to duplex 
the iron, we made a portion of our fittings out of cupola malleable and 
the larger and thicker sections out of air-furnace malleable. We have 
pretty definite proof that the higher carbon cupola metal will feed much 
more readily than the air-furnace metal. Testing under air pressure for 
soundness, the cupola malleable fittings gave soundness as high as 3.20 
per cent carbon, but the air-furnace fittings gave soundness only as high 
as 2.60 per cent carbon. Every one of them leaked. 

Mr. LANSING: I think that comparison is one which is really out of 
line with standard malleable practice. In other words, when we compare 
a 3.20 per cent carbon with a 2.40, 2.50, 2.60 or 2.70 per cent carbon, the 
comparison is entirely out of line because we are not comparing the same 
materials at all. I believe that in the very high carbons there is con- 
siderable difference, whereas between the average carbons there is not 
much difference. Further substantiating that point, there was a test 
of connecting rod castings carried on under the direction of a commit- 
tee of the AMERICAN FOUNDRYMEN’S ASSOCIATION. A connecting rod was 
sent around to eight or ten different malleable plants a number of years 
ago and was poured in carbon all the way from 2.20 to 2.60 or 2.70 per 
cent. There was no appreciable difference in the amount of shrinkage. 

MEMBER: Is it possible to eliminate mottling by mottle pins? 

Mr. ARNOLD: Yes. It is a pin about %- to 1%-in. long, probably %-in. 
at the base, and tapering off to %-in. at the end. It is nothing but a pin 
on the casting which makes it cool rapidly. 

MEMBER: We also carried that test on the effect of carbon percentage 
on shrinkage further in air-furnace metal of 2.70 per cent carbon. These 
particular fittings gave us a nearly perfect percentage of tight fittings. 
As the carbon went down to 2.50 and 2.40 per cent, we got a greater 
percentage of leaks. Perhaps there is a difference when we are talking 
about shrinkage and feeding. The lower carbon iron may not shrink 
any more, but I feel that the higher carbon metal through the same feed- 
ers, which may not be sufficient, will feed better. 

W. D. McMILLAN?: We do not have any more shrinkage in the low 


2 McCormick Works, International Harvester Co., Chicago, Ill. 
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carbon iron than in the high carbon iron. In the change that we made 
from high carbon to low carbon, we got about 15 to 20 per cent higher 
tensile strength, not because the iron is that much stronger, but because 
the casting is that much sounder. The same thing applies to the mal- 
leable guards used on mowers. Those castings, as a rule, made from high 
silicon-low carbon iron are better castings than when made from higher 
carbon iron. 

MEMBER: Then I presume we could take it to mean that the carbon 
could be dropped at will and we would have no further trouble with the 
material without changing the gating or anything else in the pattern; we 
could drop 25 or 50 points of carbon and be just as shrink-free and have 
as many good castings as we had before. 

Mr. McMILLAN: A casting, after all, is what counts. You have got to 
work on the specific reactions involved. There is not any one rule that 
you can apply to all castings. I mentioned those two because we did not 
make any change in the gating, but that would not hold true generally. 
Iron with 2.20 per cent carbon will not run as freely as iron with 2.60 
per cent carbon. Higher silicon increases the fluidity to compensate for 
the lower carbon, to some extent. However, iron with 1.60 per cent silicon 
and 2.20 per cent carbon seems to set or freeze at a narrower tempera- 
ture range than iron of low silicon and considerably higher carbon. This 
may account, in a measure, for our experience which indicates iess 
shrinkage in this type of iron. 
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Grinding Wheel Cost Control 


By Jerr. ALAN WESTOVER*, CLEVELAND. 0. 


Abstract 


This paper deals with conclusions obtained from a cost 
reduction and control program on grinding wheels and tells 
of methods being developed by the manufacturer to insure 
the constancy of a grade of grinding wheel selected, de- 
scribing future methods of selection. The author stresses 
operating conditions as the greatest factor affecting grind- 
ing wheel costs, and discusses control factors, such as the 
condition of the equipment, the condition in which the cast- 
ings reach the grinder, the grade of grinding wheel and 
control of the operator. The author considers operator con- 
trol the most important factor and presents a wage incen- 
tive payment plan to establish and maintain such control. 
Tables and figures are given covering studies of individual 
methods of work and their effect on grinding wheel costs, 
as well as standards used in figuring wage payment. 


1. The purpose of this paper is to present the relation of con- 
clusions of a cost reduction and control program on grinding wheels 
that has produced definite results. In 1937, the Burnside Steel 
Foundry Co., Chicago, with which the writer was then associated, 
spent an average of $4.26 on grinding wheels for every ton of cast- 
ings produced. This grinding wheel cost was lowered to $3.61 in 
1938, still further reduced to a low of $2.90 in 1939, held at $3.02 
in 1940 and controlled at $3.04 in 1941. 


COMPARISON OF CosTs 


2. The work of reducing grinding wheel costs started in 1938 
as the result of a compilation of grinding wheel cost figures from 
foundries in the Chicago-Milwaukee district, and a comparison of 


our own costs. This gave results as shown in Fig. 1, which is a 
* Dyer Engineers, Inc. 
Note: This paper was presented at a Steel Session of the 46th Annual A.F.A. Con- 
vention, Cleveland, O., April 24, 1942. 
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graphic curve drawn from the cost records of steel foundries which 
produced more than 25,000 tons of castings in the period covered. 
The average weights of castings produced in- these plants ranged 
from the low of 4 |b. in one plant to a high of 200 lb. in another. This 
curve is not intended to be an exact indicator of what anyone’s cost 
should be, but it will be useful in determining how a plant’s grind- 
ing wheel cost compares with others in the industry. It would be 
interesting to know how the grinding wheel costs of those present at 
this meeting compare with the cost indicated in Fig. 1. 


3. Our own cost of $4.26 for 1937, compared with the curve in 


BURNSIDE STEEL 
GRINDING COSTS 
1-1937 
2- 1938 
3- 1939 
4-1940 
5-194) 


WHEEL COST PER TON ~ DOLLARS 





AVERAGE WEIGHT OF CASTINGS PRODUCED 


Fic. 1—GRINDING WHEEL Costs AS COMPILED FROM STEEL FOUNDRIES IN THE CHICAGO- 
MILWAUKBE DISTRICT COMPARED WITH COSTS IN THE AUTHOR’S COMPANY. 


Fig. 1, showed us that we were spending a great deal too much for 
grinding wheels. This comparison started us on a cost reduction 
program that, because of the innovations involved, as far as we were 
concerned, caused us to take a step and then wait till the defects 
had shown up and been taken out before taking another step. Be- 
cause of this policy of taking one step at a time, the control de- 
scribed has not been applied to all of the grinding operations. When 
this control application is finally completed, the grinding wheel 
cost should be even lower than the $2.90 a ton chalked up in 1939 
as the lowest to date. At this writing, it is believed that we have 
finally reached the end of the trail of defects of any consequence. 

4. To begin with, after having decided that this cost item was 
entirely too high, we notified the grinding wheel manufacturers 
supplying us with wheels that they were not supplying the same 
quality of wheel that had been submitted for wheel trials the last 
time wheels had been tested and a grade decided on. Unfortunate- 
ly, the grinding wheel manufacturers, at that time and even today, 
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when an accusation of that kind is made, cannot offer definite proof 
that their product is still of the same quality as the day a grade of 
wheel was decided on by a foundry as being the best at the lowest 
eost for this plant. Neither can they prove that the difference in 
wheel performance and cost is due entirely to changes in the con- 
ditions under which the wheels are operating in a plant today as 
compared with those existing at the time of the tests. 

5. At present, at least one grinding wheel company is endeavor- 
ing to solve this problem as a service to the users of its product. 
The first step will be to make a record of the conditions under which 
a wheel on test in a plant is operating so that in the future, if the 
plant should run into trouble, a quick check of operating conditions 
can be made and compared with the conditions prevalent at the 
time of the original test. The record is to be made by mechanical 
recordings of which the graphic ampere record will perhaps be of 
the greatest value. 


Selection of Grade 

6. Along the same line of future possibilities is the method by 
which a grinding wheel grade will be selected. Instead of a manu- 
facturer sending in 3 or 4 different grades of trial wheels to be 
tested in the hope that in the 3 or 4 wheels he has guessed what op- 
erating conditions have to be met, he will come in and find out the 
physical properties of the metal you are producing. Then, if the 
physical properties are in the range covered by a performance 
record, such as Fig. 2, of a grade of his wheels, he can let the user 
make a choice of a wheel grade that will give him a long wheel life 
with a comparatively slow rate of metal removal if the labor rates 
are low, or a shorter life wheel that is a fast metal remover, if the 
labor rates are high. 

7. In other words, the operator will be able to select a grade of 
wheel that will enable him to have a balanced labor and wheel cost, 
or a wheel cost that is either higher or lower than his grinding labor 
eost. After the wheel grade choice is made, the manufacturer will 
be able to prescribe the conditions under which it must be operated 
if the expected wheel costs are to be obtained. 

8. If the metal’s physical properties are not covered by the per- 
formance records available, it will only be necessary for the user 
to submit samples of his material and the wheel company’s labora- 
tory can make up the necessary performance record graphs on this 
metal. This will save the expense of testing wheels every so often to 
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WHEEL PRESSURE -LB. 


Fic. 2—-PERFORMANCE RecOoRD OF GRINDING WHEEL. 


see if the operator has the lowest cost wheel for his shop and yet will 
enable any manufacturer, if he has made cost reducing develop- 
ments, to present them in a concrete and comparable manner. 


OPERATING CONDITIONS 


9. The writer wishes to stress operating conditions as being the 
greatest cause of widely fluctuating and high grinding wheel costs. 
Tables 1 and 2 are presented as an illustration of what operating 
conditions can mean to grinding wheel costs. The operating condi- 
tions in these two examples are due entirely to the operators. 

10. Table 1 is a record of results of methods used by operators 
in handling swing frame grinders. Operator 9 was acting on in- 
structions to get the most out of his grinding wheel, getting his work 
done in the same amount of time as operator 12 whose instructions 
were to get his castings ground as quickly as possible, and to use as 
much of his grinding wheel as possible. Previous to and after this 
test the grinding wheels used turned in practically identical per- 
formances on regular production work, yet, during the test, the 
cost was almost twice as much (1.88 times as much, to be exact), to 
supply operator 12 with grinding wheels as compared to the cost of 
supplying operator 9. 
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11. Table 2 is a record of tests made on a shift of stand grinder 
operators to determine the fluctuations in wheel costs caused by in- 
dividual operator working methods on this type of equipment. With 
the ratio of one pound of wheel used to pounds of metal removed 
varying from 1 - 3.05 to 1 - 9.44, it is quite apparent that a control 
of the operators themselves is essential, particularly in view of the 
fact that the worst and best ratio was turned in by the same oper- 
ator. The 1- 9.44 ratio was produced when this operator had the 
unintentional incentive of taking care of this wheel and making it 
last until another had been worn down to a size that would fit on 
his machine. If a wheel to fit the machine had been lacking, it 
would have been necessary to take the operator off grinding and 
give him some other kind of work to do. The operator’s production 
rate was practically the same on both wheels. 


ContTROL Factors 
12. Since the control of the conditions a grinding wheel is work- 


ing under is so important, and the operator controls conditions, it 


Table 1 


RESULTS OF Stupy oF INpIvipuAL Metuops or HANDLING SWING 
FRAME GRINDERS 





Wheel weight at start of test period 85% 65% 
Wheel weight at finish of test period 83% 62% 
Wheel used (Ib.) 1% 2% 
Pattern m— Casting Weight ——— 
No. Before Grinding After Grinding Operator 9 Operator 12 

TS 20061 18516 177 8% 

182% 173% 8% 
DX27-35 184% 176% 8 

179% 172% 7 
60314 56 55% % 

56% 56% % 
53050HB 66% 65% 1 

65% 64% 1 

66% 65% 1% 

66 64% 1% 
83362H 130% 127% 2% 

133% 130% 2% 
Metal removed (lb.) 21% 21 
Ratio of wheel loss to metal removed.......... 1 to 14.383 1 to 7.63 


Figuring wheel cost at 50c per lb., to remove 

100 lb. of metal at the above ratios, wheel 
Oe TES GEES 65.5 63-050 vdiee he cae aSionyvesss $3.49 $6.55 
(Lower cost 53 per cent of higher cost) 
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is apparent that a control of the operator’s methods is of utmost 
importance. 
13. However, there are three other factors that should be taken 
eare of before concentrating on the most important control factor. 
(1) The condition of the equipment. 
2 The condition of the castings as they reach the grind- 
ing wheel. 


3 The grade of grinding wheel to be used. 


Condition of the Equipment 
14. The condition of the equipment to which an operator is as- 


Table 2 


RESULTS oF Stupy or INDIVIDUAL WORKING METHODS ON WHEEL 
Cost FLUCTUATION 


(Check on ratio of wheel loss to metal removed made 
on stand grinder with operators working on 
24 in. x 3 in. x 12 in. high speed wheels. ) 





Operator Ratio Wheel Date 
Ike Smith 1—3.05 er 11.24 
Aaron Hayes 1—3.87 12—-12** 12-12 
Aaron Hayes 1—4.47 12—12** 12-11 
Otis Williams i—5.25 12—23 12-26 
Ben Holiday 1—5.69 12—-15 12-14 
Otis Williams 1—6.02 12—4 12-6 

Otis Williams 1—6.20 12—4 12-7 

Ben Holiday 1—6.39 12—11 12-13 
Ben Holiday 1-—6.68 12—18 12-18 
Otis Wil'iams 1—-6.68 11—19 12-5 

Ike Smith 1—6.75 12—12** 12-20 
Morris Vaughn 1—7.13 12—17 12-22 
Aaron Hayes* 1—7.37 12—25 12-27 
Morris Vaughn 1—7.64 11—16 11-29 
Morris Vaughn 1—7.68 11—8 11-30 
Nathaniel Mobley 1—8.64 12—9 12-19 
Morris Vaughn 1—8.93 11—21 12-4 

Ike Smith 1—9.43 11—11 11-28 
Ike Smith 1—9.44 AAS 11-27 
Average 1—6.54 ais 


The best performance was 309.50 per cent better than the worst. 
The worst performance was 32.30 per cent as good as the best. 


*When this operator is trying to keep up with his partner he is ex- 
tremely hard on wheels. On 12-27 when his partner was not there, he 
turned in a performance that was better than the average shown on the 
above chart. 

**This wheel was used by two different operators, showing that even 
the same wheel in the hands of two operators turns in quite a different 
performance. 
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signed is important if the user is to control the amount of grinding 
wheel used. The grinder must be free of vibration due to mechani- 
eal faults because it is a potential destroyer of a grinding wheel as 
it induces shock loads on the bond of a wheel. This bond, it is well 
to remember, was developed with two properties in mind 

(1) To hold the abrasive grains together in the form of a 
wheel against the centrifugal forces that are built up in 
rapidly revolving wheel. 

(2) To break down and release the abrasive grains as they 
become dull and clogged with molten globules and 
chips of metal so that the face of the wheel always 
presents a clean, sharp and abrading surface. 

If «a bond does its job on a smoothly operating wheel, it will not be 
strong enough to take the shock loads imposed on it by vibration. 
Equipment vibration is also a physical strain on the grinding oper- 
ator, causing low production and excessive labor costs. 

15. The operating surface ft.-per-min. speed should be in a 
range reasonably close to that recommended by the manufacturers. 
Operating speed affects the operating characteristics of a wheel 
in such a way that a hard wheel run at a slow speed will show many 
of the characteristics of a very soft wheel. If one could see how 
easily and quickly a grinding wheel is shaped up in a slow-turning 
lathe at the factory, he would realize the importance of running a 
erinding wheel at the speed recommended by the factory. 

16. Stand grinders should have big, adjustable rests incorporated 
into their design, with provisions for the use of pressure bars. or 
some means other than an operator’s hands and body for applying 
the work to the grinding wheel. This pressure bar should be pri- 
marily an aid in keeping the casting firmly against the wheel and 
in eliminating any chattering. Chattering has an effect on wheel 
life similar to wheel vibration. 

17. A sand box in which the casting can be placed is an excellent 
chatter- and vibration-absorbing holder when using swing grinders 
on a miscellaneous run of work. 


Condition in Which Castings Reach Grinder 

18. The routine of a casting going through the cleaning depart- 
ment is a somewhat touchy subject with most foremen. However, 
there is a source of possible savings if the castings are not being 
rough-chipped before grinding. Small, sharp areas, such as nails, 
vents and fins, because of their small area, have a decided dressing 
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effect on a grinding wheel. In addition, a casting with ends of chill 
nails, vents and fins projecting from its surface is harder to handle 
than one with these projections removed. 


Grade of Wheel Used 

19. At the present time, it is perhaps best to stick to the grade of 
wheel being used so that the grinding wheel manufacturer from 
whom the user is purchasing his wheels can keep him supplied with 
the same grade of wheel all of the time. However, this matter is one 
for the user and the grinding wheel manufacturer to decide upon 
between themselves. 

20. Our experience was that we had been using too hard a grade 
of wheel before we started to control the way an operator took care 
of it. We had gone to a harder and harder grade of wheel in an en- 
deavor to find one that could take the abuse our grinding operators 
were giving the wheels in their misdirected efforts to make as much 
premium as possible on the wage incentive set-up that was being 
used to figure their earnings. The bond was hard enough in these 
wheels to keep the dull grains of abrasive from breaking out of the 
face which made it necessary to use a dresser to keep it clean and in 
a highly abrading condition. If it is necessary to use a dresser on 
the face of a wheel to keep it clean, the wrong grade of wheel is 
being used. 

21. Some day we will be able to give the factor of wheel grade 
being used the attention it should have. Then, as previously men- 
tioned, the foundryman will probably pick out a particular grade 
of wheel because a study of carefully prepared wheel performance 
graphs, as shown in Fig. 2, will show that this particular grade 
will be the best for obtaining low costs. This will be due to its 
ability to overcome the physical characteristics of the metal and 
not because the grade of wheel happens to be able to take a lot of 
abuse from the operators. 

22. However, until the user has the opportunity to pick out 
the best grade of wheel to meet the physical characteristics of his 
metal, there is no reason why he should not get the most out of his 
present grade of wheel. If it is used within the range of operating 
conditions for which it was developed, the cost will be much lower 
than if it is being misused. 


Operator Control 


23. Operator control is most easily established and maintained 
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through the use of an incentive set-up for wage payment. Ex- 
perience with this type of control, gained in our step-by-step policy, 
showed that it was necessary to take certain precautions not usually 
necessary in a wage incentive formula that controls production 
alone. These precautions are mentioned here separately so that 
you can take care of them in any wage incentive set-up of your own, 
if the following formula does not lend itself to your purposes. 

24. In Fig. 2 it can be seen that the ratio of metal removed to 
wheel loss is higher at a low pressure and production rate than at 
the normal pressure of 80 to 100 Ib., and production rate of 8 to 12 
lb. of metal removed per hour for this particular wheel. Because 
of this, it is necessary to establish a minimum rate of production 
which, if not exceeded by the operator, will cause him to forfeit 
any premium gained on the wheel-used part of the formula. This 
is of particular importance in controlling production in a period of 
decreasing work available because the operators will do the min- 
imum of production work possible, depending on wheel-saved pre- 
mium to keep their earnings up and the minimum production per 
hour to keep them working the greatest number of hours. 


Figuring Wheel Premium 
25. <All pieces ground must have an allowance or standard set 
on them so that due credit may be given in figuring wheel premium. 
The allowance or standard should consist of two parts— 
(1) Actual grinding standard 
(2) Standard for handling the casting, equipment or for 
anything else that is not actual grinding. 
If this is not done, it will soon be found that the wheel premium 
fluctuates widely, and this in turn causes operator dissatisfaction. 
26. In figuring the factor for determining wheel premium, com- 
pute this on the basis that maximum premium will be earned when 
a 1 to 23 ratio is maintained. In the formula that was originally 
developed a ratio of 1 to 17 was used, and this provided a factor 
that was decidedly on the high or loose side. Metal removal was 
figured at 35 lb. per contact hour and, using an excellent grade of 
wheel, it seems to be very close to correct. 


MrcHANICAL MEANS OF CONTROL 


27. 


While discovering these above cautions, numerous attempts 
were made to develop a fool-proof set of instruments or mechanical 
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means of controlling the operator’s use of a wheel. Some worked 
to perfection as long as an observer was on hand, but all proved 
inadequate for day-in and day-out application. The pressure with 
which a certain area of the wheel was applied to the work was one 
of the operator-controlled factors given a great deal of attention. 
Instruments were developed that wouid shut off the grinder or in- 
dieate in some other way if a predetermined pressure was exceeded. 
However, a pressure that is permissible on one section of the grind- 
ing wheel is ruinous if allowed on another section. A pressure of 
100 lb. between the castine and the face of the erinding wheel is 
all right, but 100 lb. of pressure put on the corner of the same wheel 
shears off the corner without removing a corresponding amount of 
metal and raises wheel costs. 


(FRINDING STANDARDS 


28. Table 3 is a portion of a table of standard data used in de- 
termining the allowances for grinding off different sizes of oxygen- 
acetylene cut head and gate pads with a high speed swing frame 
erinder, using 24x 3x 12 wheels. 

29. Table 4 is used in conjunction with Table 3 to give the allow- 
ances for handling the casting. ‘‘Handling’’ covers the operation 
of putting the casting on the sand box stand in position to grind 
the first head pad and removing the casting from the stand. 
‘*Reset’’ covers the operation of shifting the position of a casting 
when necessary so that other pads can be reached by the grinding 
wheel. 

30. Table 5 is the swing frame grinding portion of a cleaning 
room specification sheet which can be filled in by a clerk showing 
the work to be done on a casting. The correct values for doing the 
indicated work are taken from Tables 3 and 4. 


Table 3 


ALLOWANCES FOR GRINDING WITH HIGH SPEED 
SwinG FRAME GRINDER 


In. A ly % 1 1 16 2 3 4 5 6 7 

% .11 .15 .28 «4.80 0.42 0.50 0.65 0.72 0.81 0.90 1.00 

% .13 28 32 .42 0.64 0.665 0.77 090 108 135 138 
1 15 .80 .42 .50 0.65 0.72 0.90 1.08 1.24 1.40 1.56 
lt oat 42 .54 .65 O.77 0.90 1.16 1.40 1.64 1.88 2.12 
2 30 .00 .65 .72 O80 1.08 1.40 172 2.03 2385 2.67 
2% .36 668 .70 «81 1.06 124 1.64 2.04 2.48 2.88 38.23 
3 42 .65 .81 .90 1.16 1.40 1.88 2.36 2.83 3.81 3.79 
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Table 4 


ALLOWANCES FOR HANDLING AND RESET OF CASTING 


Weight of Casting, Handling Reset 
lb. Standard Standard 
10 0.15 0.12 
20 0.23 0.13 
30 0.30 0.15 
40 0.35 0.16 
50 0.43 0.18 
60 0.50 0.20 
70 0.55 0.21 
80 0.61 0.23 
90 0.68 0.24 

100 0.78 0.26 
125 0.88 0.30 
150 1.00 0.33 


31. Fig. 3 is the daily premium ticket on which is reeorded and 
figured the work done by an operator. For purposes of illustration, 
let us take a casting with two (6 in. x 1 in.) heads and two (1% in. x 
34 in.) gates, with a weight of 70 lb., to be ground. This informa- 
tion is filled in on the specification sheet (Table 5) and the units 
of allowance for this work are taken from Tables 3 and 4. This 
vives us 3.88 units per casting for doing the actual grinding and 
0.76 units for one handling and one reset. 

32. The standard of 3.88 and 0.76 units is filled in on Fig. 3, 
and the product of each of these two figures, multiplied by 150 
pieces done in the work period, is carried down to the bottom of 
the sheet. The sum of these two figures, 582 and 114, divided by 
the number of minutes on the job which for an 8-hour work period 
would be 480, gives the production factor of 1.4500. Because this 
is over the minimum of 1.25, below which wheel premium is for- 
feited, we will continue and figure the wheel premium. 

33. For every unit of actual grinding we have an allowance of 
.02115 pounds of wheel that can be used. This allowance, multi- 


Table 5 


SwinGa FRAME GRINDING SPECIFICATIONS 


No Size (in.) Grinding Handling 
2 6 x 1-1.40 2.80 
2 1%x %-0.54 1.08 
Weight-70 lb. 0.55 
1 Resets 0.21 


Standard 3.88 0.76 
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plied by the 582 grinding units, gives us a figure of 12.3093 lb. of 
wheel. We will suppose the operator for this particular day’s work 
actually used 8 lb. of grinding wheel which divided into the wheel 
allowance, 12.3093, gives us the wheel factor of 1.53866. 

34. The sum of 1.4500, the production factor, and 1.53866, the 
wheel factor divided by 2, gives us 1.4943, the average or combined 
factor of production and wheel used, and this combined factor of 
1.4943, multiplied by 480, the minutes of time on the job, gives us 
717 units, the number of units of work for which we are willing to 
pay the operator. This figure, multiplied by $15.00 per thousand 
units, gives us the operator’s pay of $10.76 for the day. 

35. In actual practice, it is reeommended that the wheel part of 
the formula be figured only once a pay period and that the operator 
be told only the number of units to his credit from day to day for 
the grinding and handling, so that in case too much wheel was used, 
it is only so many units forfeited and not so many dollars and cents 
of pay. 

36. The above information and opinions are not to be construed 
necessarily as that of the writer’s associates or others connected 
with the experimental work. 

37. It is hoped that the preceding information may be of use in 
enabling others to use the fastest cutting wheel obtainable and in 
helping conserve the materials which are needed to speed Victory. 
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DISCUSSION 


Presiding: R. A. GEZELIUS, General Steel Castings Corp., Eddystone, 
Pa. 

Co-Chairman: ‘H. D. PHILLIPS, Lebanon Steel Foundry, Lebanon, Pa. 

W. O. SmiTH!: What kind of steels were these tests made on? There 
certainly must be some variation in armor as compared to a common 
Class 2 steel. 

Mr. WESTOVER: These tests and this control were on an ordinary low 
alloy carbon steel, in most cases. There is a difference in the grade of 
wheel needed for metals of different physical properties. 

Mr. SMITH: Such as 1.25 per cent manganese? 

Mr. WESTOVER: Yes, possibly there would be some manganese steel 
in there. It was all low alloy, whatever it was. The two charts that were 
shown as laboratory reports were on a stainless steel. 

Mr. SMITH: An 18-8? 

Mr. WESTOVER: I am not sure about that. They didn’t give me the 
analysis of that steel. They said it was a stainless steel of fairly high 
Brinell hardness. They found they had to vary the grading of the wheel 
to meet a particular physical property of that steel, but they could du- 
plicate almost exactly the performance record from one steel to another 
by varying the different grades of the wheels. 

Mr. SMITH: One of those first charts showed variation of operator 
performance from day to day. Were all of those day-to-day figures on 
one grade of steel or similar grades of steel? 

Mr. WESTOVER: They were on similar grades of metal and were all 
on the same grade of wheel. In other words, they were using one grade 
of wheel for all their grinding. 

Mr. SMITH: Then how about the type of job you are running from 
day to day? 

Mr. WESTOVER: That varied somewhat, but, on days when the record 
was almost exactly the same for the different operators, they were 
handling the widest variation of work. 

Mr. SMITH: Miscellaneous material? 

Mr. WeEsTOVER: They were miscellaneous castings just as they hap- 
pened to come through these sets of stand grinders. We found it did 
not make any difference what the casting was, as to size or shape, if 
we were measuring the work in a way that indicated exactly what that 
work was, and that is why we had to go to our wage incentive measure 
to set up all of our formulas for controlling the operators because this 
measure gave us an indication of what the operators were actually doing. 

MEMBER: How did you determine and keep the pressure the man was 
applying on the swing frame grinder? 

Mr. WEsTovER: To find out what the actual pressure was, we 
weighted the handles of a swing grinder to give us a definite weight 
there. We put a scale under the wheel at the same level at which the 
casting would be, and in that way we found out the weight at which 
the wheel would be coming down on the casting. Then we took an am- 


1 Smith Steel Foundry Co., Milwaukee, Wis. 
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meter reading of the motor and that ammeter reading, in turn, told us 
whether we were continuing that same pressure through the duration 
of the test period. 

MEMBER: What did you do about the inconsistencies of grinding 
wheels? 

Mr. Westover: That is quite an interesting subject in itself. We 
found that our grinding wheels coming from the different sources of 
supply were, on the whole, very, very consistent. We did have a couple 
of occasions where we ran out on consistency of wheels but it was very 
noticeable and the operators called it to our attention. On the whole, 
using the one grade of wheel from a certain manufacturer, we would 
duplicate on laboratory checks by taking a head and grinding on it for a 
certain period with the grinder weighted for a certain pressure. We 
could duplicate from time to time the performance of the grade of wheel 
which we were using. 

MEMBER: What bonded wheel did you use to make these tests? 

Mr. WesTOVER: High speed resinoid. We also tested some rubber and 
some vitrified wheels but most of the work was done on the high speed 
resinoid bonded wheel of aluminum oxide grit. 

R. ErRwin?: Did you find any variation in the high speed resinoid 
bakelite wheels compared with vitrified wheels in your cost control or 
tests? In making your test, was the outcome about the same on a high 
speed wheel compared with a vitrified wheel? 

Mr. WESTOVER: We went to a high speed wheel because we decided 
that was the kind we wanted to use from production standpoints. We 
then concentrated on finding the wheel that would give us the satis- 
factory ratio of metal removed to pounds of wheel lost when it was used 
correctly. 

Mr. ERWIN: Would the different pressures actually break down one 
wheel faster than the other? If you applied more pressure to a high speed 
wheel would you break a vitrified wheel down faster or would you 
break a rubber or bakelite wheel down faster, or did you go to that ex- 
tent? 

Mr. WESTOVER: We decided that a rubber wheel was not suitable for 
our work and that we were burning out the bond on those by the amount 
of pressure we were using. The grinders more or less pick out the 
pressure at which they want to work, and that pressure was such that 
the rubber bonded wheel burned out. As to bakelite or resinoid and 
vitrified bond, you get comparable results either way. 

MEMBER: How low could you go effectively in your speeds? I take it 
these wheels were running at 9000 ft. per min. 

Mr. WESTOVER: We were up around 9500 ft. per min. whenever we 
could be. We went down as far as 4000 ft. per min. with a high speed 
resinoid wheel, and at that low pressure we had to go extremely light 
as to pressure. In other words, one factor influences another. If the 
wheel speed is dropped, the pressure must be decreased. If the pressure 
is picked up, the wheel speed must be kept up to get the same perform- 


2 National Malleable & Steel Castings Cvo., Cleveland, Ohio. 
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ance out of that wheel and within the normal operating ranges of a 
wheel. From 9500 ft. per min. down to about 8000 ft. per min., we found 
no material difference that the operator could not easily compensate for 
in the way he handled that wheel. 

MEMBER: Were these tests made by weighting the swing frame grind- 
er, or was there an operator operating the frame? 

Mr. WESTOVER: We found the pressure at which the wheel was being 
operated by weighting the grinder, and then we found out what the am- 
meter recording was. Then we turned the machine over to an operator 
and asked him to stay within a certain range on the ammeter. 

MEMBER: Do you think there might be a tendency on the part of the 
grinder to baby his wheel and thus curtail his production? 

Mr. WESTOVER: That is a very, very definite thing that does happen. 
We had to change our formula after we had been in operation with it for 
some time. In paragraph 24 of the paper it is mentioned that we had 
to insist that at least a certain minimum production was maintained 
before any premium at all would be paid on a wheel. The operators 
found that they could maintain their earnings by taking all of their 
premium on wheel savings and do just enough work to get the required 
amount of wheel saving. In other words, they kept busy just as many 
hours in a day or a week as they could by going very easy on the 
grinder and made the wheel premium, giving them the entire premium 
earned. 

MEMBER: What allowance does your system make for the factors of 
labor and overhead in connection with your wheel ratio and wheel wear? 
Certain wheels give you the same ratios but another wheel will do 
it faster. What allowance do you make in the factors of your cost? You 
are saving wheels but how about the final cost of metal removal? 

Mr. WESTOVER: The management has to decide as to what the pro- 
duction rate should be, and then wheel control is tigured after the pro- 
duction basis is set up. 

MeMBER: Did you find any variations along that line? Certain wheels 
save less but do the work a lot faster than others. 

Mr. WESTOVER: Very definitely. The wheel we finally selected gave 
us our fastest metal removal with the wheel ratio we decided was suit- 
able for our operation. 

MEMBER: What ratio did you find between cost of wheels and cost 
of labor involved? Have you any figures on that? In other words, what 
percentage of your grinding cost and cost of wheels is there as compared 
to your total cost of grinding and wheels together? 

Mr. WESTOVER: We finally worked out a ratio of 1:1. The material 
cost was about the same as the labor cost. Under certain labor condi- 
tions, for instance, management may decide that they want to go to a 
wheel that gives them a very low wheel cost and they would just as soon 
have their operators stay on more hours. They go to a wheel that gives 
a very high ratio of metal removed to wheel wear. It is going to be a 
slower cutting wheel. It is going to take the operators longer to do a 
particular piece of work. By changing the formula to meet the condition 
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you can keep your operators on and yet come out with abeut the same 
total cost in the end. 

MEMBER: What is the cost of gathering that data from day to day? 

Mr. WESTOVER: The operators are allowed fifteen minutes a day on 
the swing grinders and ten minutes a day on the stand grinders to have 
their wheels checked in and out. 

MEMBER: If you had a jobbing shop, would you have to have a checker 
on every job? 

Mr. WESTOVER: We had our wage incentive system and we utilized 
the same checkers to do both. 

MEMBER: For all the grinders? 

Mr. WESTOVER: Yes. There was a combination of a checker who 
worked as an inspector to see whether a casting had need of a weld and 
he also filled in the premium time ticket. 

MEMBER: That would mean a checker on each shift? 

Mr. WESTOVER: Yes, we had that previously, anyhow, for the wage 
incentive system that was being used. We had to allow the operators a 
few minutes longer, but that was the only additional cost. 

Mr. ErRwIN: Is there any difference in efficiency of grinding when 
you set your rest at different points, below the center of the wheel or 
exactly at the center or above the center? Is there any difference in 
the wheel cost if the rests are set at different points? 

Mr. WESTOVER: Very decidedly. The result will be the same action 
as a lathe if the rest is down too low, or, going the other way, the produc- 
tion is kept down. 

Mr. ERWIN: Where would be the most efficient point to do the grind- 
ing of fairly large castings? 

Mr. WESTOVER: I would say almost straight out, although that is a 
question that the grinding wheel representative can answer best for you, 
because most of them have very decided ideas as to what is the best 
for their particular kind of wheel and it makes quite a little difference 
in the bond and the grain size. 








Statistical Methods as an Aid to the Control 
of Foundry Operationst 


By H. H. Fatrerecp*, Orrawa, Ont., CANADA 


Abstract 


Statistical methods are discussed and outlined and 
various data applying to gray iron foundry work are 
given. After showing the value of analysis of operating 
data, a plea for more general use of the statistical method 
is made. 


1. Every foundryman is concerned with the prevention of scrap 
castings. Unanimity of opinion as to causes of foundry losses does 
not prevail. Schwartz! has stated, ‘‘A vast deal of inconclusive 
argument goes on in foundry circles as to the effect of (say silicon) 
on foundry losses.’’ He goes farther and points out that incorrect 
conclusions frequently are drawn from scant data, or from data 
which may or may not have any relation to the occurrence of scrap. 
Any one who has been connected with foundry organization is 
familiar with these endless arguments as to the cause of foundry 


losses. 


2. To prevent foundry losses, it may be assumed that the 
goal to achieve is perfect foundry practice. Although great ad- 
vancement has been made in the general quality of castings and 
efficiency of production, it is well known that foundry practice 
varies considerably from shop to shop. Many instances are known 
where a practice, which was perfectly satisfactory in one foundry, 
produced heavy losses when introduced in another foundry. 
Nichols? has shown the wide variation in molding sand practice 
and pouring temperature that exists between automotive cylinder 


block manufacturers. 


and Resources, Ottawa. 
*Metallurgist, Metallic Mineruls Div., Bureau of Mines, Mines and Geology Branch. 
1Superior numbers refer to references at end of this paper. 


Note: This paper was presented at a Gray Iron Session of the 46th Annual A.F.A. 


Convention, Cleveland, O., April 24, 1942. 
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3. We must concede, therefore, that although there are certain 
well-established and widely used principles of gray iron casting, 
each foundry is forced to adopt slightly different practices to 
operate the most economically and make good castings. When 
scrap castings occur in a foundry, the cause or causes must quickly 
be corrected. Steps which may be taken are: 
(1) Changes in practice, trial and error system, guided by 
previous experience. 

2) Changes in melting, molding, or sand practice, making 
use of published data on foundry practice. 

3) Statistical analysis of operating data in order to de- 
termine the best operating range for all measurable fac- 
tors such as analysis, mold hardness, pouring tempera- 
ture, ete. 

(4) Deduetive reasoning, new methods, new materials and 
new equipment. 
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t. MeFerrin® and Tour’ have shown in exeellent fashion the 
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many practical considerations involved in correcting the causes of 
scrap castings. Dwyer’ has pointed out the role played by designs 
of gates and risers in the foundry. 

5. A great volume of literature sets forth the recommended 
methods of foundry operation. Austin®, Reese’ *, Massari’, and 
others have pointed the way to better cupola operation. Die- 
tert!’ 1} Valtier and Woodliff have provided a vast amount of 
information on molding and core sands and their properties. 

6. Even with all of the above information at the disposal of a 
foundry operator and with complete facilities for testing materials, 
the problem still remains to be solved: | What is the most desirable 
operating range for each measurable factor? 

7. A question of this nature can be answered by using statistical 
methods. While it is true that we learn by experience, in a foundry 
so much goes on at once that an observer may never realize the 


connection between two events, whereas an analysis of records 
kept over a short period of time would reveal the correlation. This 
idea has been mentioned by several authors, including Sam Tour", 
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Sechwartz', Reichert’’, and Dietert'®. Corson", in discussing the 
errors inherent in foundry experiments conducted outside of the 
production department, states: 

‘*Mass production of research data is the only method by 

which the general processes can be made clear and freed 

of antiquated or ill-substantiated notions.’’ 

8. Statistical departments have been in operation in steel mills 

and manufacturing industries for many years. Schrock" has 
shown how statistical investigation has made possible: 


] Improvement in steel quality. 

2 Fewer rejections. 

3) Reduction of operating costs. 

f A more exact knowledge of the effect of each operating 


condition (for example, the amount of lime charged into 
the basic open hearth) upon the quality of the finished 
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product (per cent of rejected steel tubes and chipping 
costs). 

9. The Metal Industry” states: ‘‘Now that metallurgy has 
more or less progressed from an art to a science, the time seems 
ripe to enquire how and in what fields the methods of the statisti- 
cian can aid the metallurgist.’’ It is suggested that a new specialist 
is appearing who might be termed a metallurgical statistician. 
Chalmers” discusses the use of non-destructive tests which have 
been found to be related directly to destructive tests. It is neces- 
sary to use statistics in order to determine the relationship between 
two types of tests on the same material. 

10. Since the value of statistical methods to many industries 
has been well established, the author concluded that this valuable 
tool should again be brought to the attention of foundrymen. The 
practical foundryman is interested only in obtaining maximum 
production, satisfactory quality, and minimum cost. Therefore, a 
statistical program should have as its objective one or more of these. 
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Three practical techniques which the foundryman will find of great 


value in analyzing large amounts of test results are: 


l Determination of quality level. 
2 Correlation. 
3 Statistical control charts. 


QuaLity LEVEL—GENERAL CHARACTERISTICS OF PROCESS 


11. Frequently it is desirable to know if a certain casting is 
representative of the average run of castings. When a change in 
gating, method of molding, or metal composition is made, the man- 
agement wants to know what effect this change has made upon the 
product. If the quality level is not known, as is the usual case, 
erroneous conclusions are frequently drawn. 

12. Quality level consists of the measurements of the desirable 
property under standard conditions of test. It may be expressed 
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in terms of breaking load, hardness, smoothness, soundness, ete. 
Pages and tabulations of figures are difficult to interpret without 
some statistical aids. The test results, therefore, are considered 
as a distribution which may be described by the following terms: 


Sum of results 
Average = — ——— - 
No. of results 


yer of (each result minus average) * 
Standard deviation = pen Pea 


No. of results 


(each result minus average )* 


Relative Skewness* = Sum of — ————— 
No. of results 


(each result minus average )* 


Relative Kurtosis* — Sum of — ———— ~ 
No. of results 


* These values are significant only when derived from several thousand test results. 
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Number of results should always be stated so that the probable 
error can be estimated. More weight naturally attaches to 
larger samples. Other measures of central tendency besides 
average are occasionally used. 


Standard Deviation 
13. This value is probably the most valuable statistical ‘‘yard- 
stick.’’ Its significance is roughly as follows: 
(a For any group of test data studied, Average +3 Stand- 
ard Deviation will contain at least 88.9 per cent of all the re- 
sults (Tchebycheff’s theorem 
b) If the value studied occurs in a normal distribution, 
then at least 99.7 per cent of the results will fall within Aver- 
age +3 Standard Deviation (Gauss). This condition is known 
as ‘‘in statistical control.’’ 
(ce) Results falling outside of Average +3 Standard Devia- 
tion are generally assumed to occur as a consequence of some 
change in the environment producing the objects being tested. 
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These results can be singled out for intensive investigation as to 
their cause. Variations within Average +3 Standard Deviation 
limits are due to the nature of the process and cannot be changed 
without changing the process. Thus, standard deviation can be 
used to tell whether it is best to leave well enough alone or whether 
corrective action is needed. 


Skewness and Kurtosis 

14. A normal distribution has results distributed symmetrically 
about the average and the skewness factor therefore is 0. In actual 
practice there is usually some variation from the perfect normal 
curve. This variation is given a quantitative measurement by ob- 
taining the skewness and kurtosis factors. However, unless test 
results number over 9,000, frequency distribution charts give a 
better picture of the distribution of results. 
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Frequency Distribution 

15. Frequency distributions are obtained without any calcula- 
tions and provide an excellent means of graphically portraying a 
large number of test data.* 


Probable Limits of Error 
16. The accuracy of measurements of average and standard 
deviation is naturally dependent upon the number of results. The 
probable error of an average can be expressed as: 
Average + 3 standard deviations 





VV No. of results 
Standard deviation will be expected to vary due to chance alone 
within : 
Standard deviation + 3 x standard deviation 


V 2 No. of results 
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* “Symposium on Malleable Iron Castings,” American Society for Testing Materials, 
and American Foundrymen’s Association, pp. 42-43. Metals HANDBOOK, American Society 
for Metals, p. 155. MANUAL ON PRESENTATION OF Data, American Society for Testing 
Materials. 
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17. In comparing two groups of data in order to find out if 
there is any real difference between them, it is first necessary to 
find within what range successive samples from the same universe 
would be expected to occur. 


18. A great many test records can be analyzed profitably by 
comparing quality levels for different time intervals. For example, 
control over moisture content of molding sand is always a vital 
problem. Assuming that the optimum moisture content is known, 
the foundryman wishes to know if this property has changed from 
hour to hour, also whether or not the deviation from average is in- 
dicative of normal operation. This is where the quality control 
chart ean be of great service. It shows very clearly when normal 
variation is exceeded. 
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19 To compare the results of two periods of operation without 
drawing false conclusions, it is almost necessary to use the eon 
cepts of quality level. A level of quality may be measured and de 
fined, but control over quality is inherent in the methods of man 
ufacture. If the methods of manufacture remain constant, no 
change in the quality level of the product can take place. If the 
quality of the product changes, it may be assumed that some change 
in the process has taken place. When a foundryman runs into a 
lot of porous castings, he may be sure that some change in the 
foundry processes or raw materials has taken place. If the proper 
records are kept, it can usually be ascertained what variable factors 
are deviating from their normal quality level. 
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CORRELATION—To Finp IDEAL OPERATING CHARACTERISTICS 


20. Suppose that a foundry operator wishes to know the range 
for a measurable property which will result in the least amount of 
defective cylinder blocks. This value can only be determined from 
operating data taken from the source to which it is to be applied. 
Over a long period of time, this value can be obtained by practical 
experience. Costly trial and error methods will eventually arrive 
at a fairly satisfactory value. If conditions in the foundry change, 
the new optimum value can be determined by another costly period 
of trial and error. However, statistical methods will enable the 
foundryman to obtain the information desired more accurately in 
a fraction of the time. 


21. Since scientific methods are used to measure sand proper- 
ties, pouring temperature, chemical analysis and microstructure 
of iron, and carefully designed and constructed machines are used 
to insure that operating methods will be performed in a uniform 
way, surely it is high time that operating data was analyzed in 
a way that will bring out the most information possible. 


22. Consider the graphic presentation of the relationship be- 
tween Brinell hardness and the average number of scrap per hour. 
The choice of hardness classes conveniently fitted the data as re- 
corded. However, for this type of graphic presentation, it is better 
to limit the number of classes to two or three so that the spread of 
the class interval is not less than one-third of the range in which 
it might be reasonably expected that all results could be main- 
tained. Now when presented with information in a form similar to 
Fig. 3, the experienced foundryman will not accept this evidence 
without answers to the following questions: 


(1) How do you know that this result is not due to chance 
alone? 


(2) How ean you tell that this observed relationship will 
remain as shown? 


(3) Within what limits do you recommend that we hold 
Brinell hardness? 


23. The probability that the observed relationship is due to 
chance can be calculated mathematically”. However, probably 
the most convincing proof is to show graphically that successive 
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periods of time when plotted, as in Fig. 3, show the same result. 
In this way, according to W. Edwards Deming*, when only two or 
three class intervals (instead of 5 or 10 as shown in the examples 
in this report) are used and short periods of time are charted the 
true fundamental laws governing the process are shown. 


24. It is expected that the ideal range of certain properties will 
be subject to trends. As fines accumulate in the molding sand, 
a different set of properties will result in the best molding sand. 
Variations in available raw materials will change the ideal set of 
analysis and physical properties which have been set up as a stand- 
ard. Therefore, it is expected that the graphic presentation method 
will enable the foundryman to detect these trends and so balance 


his process as to allow for them. 
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25. Figure 4 shows the manner in which hardness results were 
distributed for a period of one month. From this record the prac- 
tical working range can be predicted. 


STATISTICAL QuALITY CONTROL CHARTS 


26. Statistical quality control charts are being used by an in- 
creasing number of industries. Their design and use are described 
in A. 8. T. M. Manual on the Presentation of Data and many other 
publications. These charts are used to tell when a property which 
has been under control varies from the established quality level. 
Before they can be applied, the ideal operating range of each vari- 
able in the process must be determined and some degree of contro] 
established. When the average and the standard deviation of a 
group of data are known, and there is some indication that the 
distribution of the results is approximately normal, the frequency 
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MOLOING SAND PROPERTIES VS SCRAP PER HOUR 
PERMEABILITY PERMEABILITY PEAMEABILITY 


60 90 70 80 90 100 70 60 90 
105 T ] 
2é 235 32 2¢ 
3 
S 95) | 
u 
s 
Ny 
9 32 27 27 4/ 3.6 J.0 
z 
S 
© 
2 as 
w 
w 
5 18 
7s i Mt 
30-32% 235% 36-38% 
MOISTURE MOISTURE MOISTURE 


BATA FROM PERICGO JAN | ~ APRIL 30,1948. 


Fic. 14. 


of test values at any point above or below the average can be readi- 
ly determined from tables of areas under the normal probability 


curve in any mathematical handbook. 


Exa mople 
27. Moisture tests of molding sand for the month of April were 


mt. 


analyzed and it was found that: 


Average 3.34 per cent 
Standard deviation = 0.187 per cent. 


On the first day of May a moisture test was recorded at 3.8 per 
cent. 

@. Has the quality level changed? 
A. The frequency of results closer to the average than 3.8 
per cent is 2 x area under the normal probability curve 

3.8 - 3.34 

from the mean to —————— standard deviations. 
0.187 

This value (table of areas under normal probability curve) is 
0.9862 of the total area under the curve. If the quality level has not 
changed, then the chances are 1.4 out of 100 that this result would 
have occurred. Thus, each single test or group of tests may be 
interpreted in the light of past experience. It is easier to plot the 
data on a continuous chart in chronological order so that trends 


may be observed. 
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28. For the principles underlying the design of control charts, 
the reader is referred to the many recent publications on this sub- 
ject (see bibliography). Figure 15 illustrates a simple case. From 
a previous period, average and standard deviation for moisture 
content of molding sand were calculated to be: 

Average, 3.34 (per cent moisture). 

Standard deviation, 0.19 (per cent moisture). 

Control limits established were therefore : 3.34 +3 x 0.19 = 2.77- 
3.94. 


29. The above limits are characteristic of the process and ean 
only be altered by changing the materials, machinery, method, or 
personnel. A test exceeding these limits would definitely mean that 
there was an ‘‘assignable cause,’’ that is, somewhere in the process 
something is out of line and can be discovered and corrected. Plot- 
ting the range (highest value minus lowest value) for successive 
groups gives additional information for control purposes. Note, in 
Fig. 15, that the range for samples 11-15 inclusive is extreme com- 
pared to the two previous groups. Control limits for range are 
applied in the same manner as for the moisture content values. 


30. When successive groups are plotted, both average and devia- 
tion can be studied. This type of record shows when corrective 
action 1s necessary. 


31. In actual practice, it has been found very satisfactory to 
plot actual test values chronologically between high and low limit 
lines (+ 3 standard deviations). 


Control Charts 

32. The author is of the opinion that in most foundries statisti- 
cal control charts can be applied only after the preliminary ground- 
work of determining the ideal range for each variable has been 
done and the variance from the established mean has been brought 
under control. When this work is well under way, the foundry- 
man would do well to set up statistical control charts so that the 
significance of every test can be immediately interpreted on the 
basis of past records. 

33. The charts contained in this publication were derived from 
operating records of a foundry making gray iron cylinder blocks. 


Each block had its casting date and hour cast on it. Rejections 
were recorded in the foundry and in the machine shop. This cast- 
ing is probably one of the most intricate of the mass-produced 
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castings, and a very high standard is maintained by means of close 
inspection at several stages of its manufacture. 

34. Operating factors were recorded on convenient forms, so 
that the conditions prevailing during every hour could be readily 
referred to. Data for drawing into charts were obtained by the 
simple process of plotting the number of rejects per hour against 
the condition existing during that hour and taking the average 
number of rejects per hour for each condition. For example, Fig. 
3 shows that there were 2 rejected castings (average) made per 
hour when the Brinell hardness reading was 4.1 mm. diameter (217 
Brinell Hardness No.) ; this was obtained by the following caleu- 
lation : 


Total amount of scrap made when B.H.N. was 217-208 





== 2/be. 
Number of hours during which B.H.N. was 208-217 Average 


35. Successive periods of time have been plotted to see what 
changes, if any, take place over a time interval. As would be ex- 
pected, analysis and microstructure requirements remain fairly 
constant but pouring temperature, molding and core sands show 
slight trends which are probably due to the changes which take 
place in the sand characteristics. The charts selected for publica- 
tion are fairly representative of the conditions which existed over 
a period of several months. 

36. The manner in which scrap occurs gives some clue as to the 
underlying causes. From Fig. 1, one might assume that a free 
system of environmental factors was operating in such a way that 
a coincidence of ideal properties occurred most of the time but 
control was not rigid enough to keep all of the factors in line; 
therefore, occasionally one, two, or more properties would vary 
from ideal. 

37. Fig. 2 shows that the amount of scrap increased in the later 
hours of the day. During the first hour the best conditions existed. 
The best hours were after ten o’clock rest period and after lunch. 
This chart leads one to many interesting assumptions but, as 
Schwartz and others have warned, foundrymen all too frequently 
draw hasty conclusions from insufficient data. Some further corre- 
lation of core properties, molding sand temperature, and mold 
spray conditions showed that quite a few foundry conditions varied 
according to the same cycle as is shown in Fig. 2. No discussion of 
scrap causes can entirely disregard the personal element in foundry 
conditions. A record of the same job with different operators will 
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soon show that there is a great variation between individuals. 

38. Fig. 3 shows a definite relationship between hardness and 
the occurrence of defects. Before setting up limits for future con- 
trol this question must be answered : 

Q. Within what limits can hardness be controlled under the 
present operating conditions? 

A. According to past performance, as shown in Fig. 4, 95 
per cent of the time Brinell hardness was within 3.9 + 0.1 
mm. It is reasonable to conclude that limits such as these 
could be maintained in the future even if the average was 
shifted to take advantage of the information in Fig. 3. 

39. Figs. 5 and 6 serve to illustrate the well known fact that 
for each foundry its own ideal pouring temperature must be deter- 
mined. 

40. The relation between physical properties and ecastability is 
well defined in Fig. 7. This leads to many interesting conelu- 
sions, since micro-structure, analysis, melting and ladle addition 
practice are all closely connected to physical properties. 

41. Fig. 8 summarizes 18,000 casts. More than a year later a 
one-month period gave the results of Fig. 9. Note that the trend to 
the axis C + Si = 5.50 per cent still persists. Note also that varia- 
tions in carbon and silicon appear to have less effect upon scrap 
than variations in many other properties. 

42. The elements sulphur, manganese, nickel, chromium, and 
phosphorus each have a certain desirable range, as Figs. 10, 11 and 
12 demonstrate. 

43. To avoid prolonging this paper, only two examples of the 
effect of sand properties have been included. It was found that 
every measurable property of sand was connected with the 
quality of the final casting, and that the variables of molding 
and core-making outweighed those of the metal in significance. 
Fig. 13 shows the relation between core hardness and scrap; mold 
hardness is even more significant. Fig. 14 shows the fallacy of 
maintaining a high green strength in molding sand for this par- 
ticular operation. 


CORRELATION OF MECHANICAL Factors 


44. Most of the readers are probably familiar with the general 
practice of making a mechanical change (in pattern, gating, 
squeezer head, ete.) and then determining its value from an exami- 
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nation of from 5 to 20 samples. Since the casting quality is sub- 
ject to wide variation both before and after the change was made, 
the few samples selected for examination are very liable to cause 
entirely erroneous conclusions to be drawn. However, the effect 
of mechanical changes can be evaluated by records kept before and 
after the change for a sufficient length of time. Results can be 
plotted as in charts, Figs. 1 to 13, or as follows: 


Operating No. of 
Condition Hours Casting Quality (Rejects per Hour) 


a EN er Mies oe aR PS ee 
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15. The number of test results included in each group should 
be enough to exclude the effect of other operating conditions. This 
will depend upon the uniformity of the product. Significant dif- 
ferences have been clearly explained by Simon”. 


CONCLUSIONS 

16. Illustrations in this report were mainly confined to charts 
demonstrating graphically the relation between casting qualities 
and production variables. This phase was emphasized because it is 
the groundwork necessary before statistical quality control can 
be applied. 

47. It would seem desirable to be fairly certain of the optimum 
ranges of each manufacturing variable before trying to control the 
operations but, as Schwartz and others have repeatedly pointed out, 
incorrect conclusions are frequently drawn from too small a sample 
of data and used as a basis for attempting to establish a rigid con- 
trol over operating conditions. Statistical methods, by analyzing 
mass-produced practical research data, show the true nature of 
the process. Often it is more economical to proceed on empirical 
grounds, since the results obtained are sufficiently profitable. 

48. The use of statistical methods of analysis on foundry data 
will bring to light the fundamental laws governing the process be- 
ing examined. Many prejudices, customs and arbitrarily imposed 
standards will be found to be in error. When defective castings are 
encountered, if proper statistical records have been kept, it will be 
possible to see which variables have changed from their quality 
level, and correction can be immediately applied. In many cases, 
trends will be shown up so that correction can be applied before 


any scrap is produced. 
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49. Statistics do not change or improve anything, they merely 
provide a means of gaining information. Oftentimes the information 
is a clue which may easily be misinterpreted by those who are not 
familiar with the process of manufacture being examined. In search- 
ing for the fundamental laws underlying the production of sound 
castings, the metallurgist using statistical methods would uncover 
many relationships not even suspected by the practical foundryman. 

50. This article has attempted to show in a very simple way what 
information may be obtained from operating records. The foundry 
operator will find that the time spent in a careful analysis of his 
operating data will be repaid many times over by a more thorough 
knowledge of the process. Too often foremen and foundry execu- 
tives spend most of their time correcting bad conditions which 
would never have arisen if the fundamental principles of the 
process were known and statistical control were in effect. 

51. At least as much consideration should be given to industrial 
research using statistics as is given to laboratory research. 
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DISCUSSION 


Presiding: A. E. ScHUH, U.S. Pipe & Foundry Co., Burlington, N. J. 

CHAIRMAN SCHUH: We should be grateful to Mr. Fairfield for point- 
ing out a concrete application of statistical principles for assistance in 
production control. Many foundries, by their nature, will not lend them- 
selves readily to such analysis, but, on the other hand, many more 
foundries than we realize do have work of such nature that statistical 
analysis of the causes for variation in it would be extremely useful. I 
understand ballistics experts of the Ordnance Department who have 
been using this method very extensively have gone over this paper and 
commented very favorably on it. 

MEMBER: I believe that we should congratulate the authors on a 
very nice study of the things that happen in the foundry, the very con- 
venient form in which they are put for reference and the method of at- 
tack used. We have used the control chart method in our foundries “cr 
a good many years. However, we have not sold our own organization 
fully on its benefits. 

The most convenient way that we have found in the few important 
cases that we really do keep up is the card system. We take 3- x 5-in. 
cards, run them through the mimeograph, write in the important details 
of the problem we are studying, and have somebody fill them out as the 
reports come in. Of course, a sorting machine which would sort the cards 
into groups automatically would be a wonderful time saver, but we do 
not have enough statistical work to justify such a machine, or at least 
we have always thought we did not have. We find, at the end of a period 
such as six months, that it is possible to sit down and study any one 
variable simply by the size of the pile of cards. 

F. G. SEFING!: I would like to point out something rather interesting 
here because in our work we are often confronted with the problem of 
making castings such as cylinders and cylinder heads. 

Supposing we were to go into a shop that knew nothing about making 
cylinders or cylinder heads. We would suggest 3.25 per cent carbon iron 
for the job. So often the foundryman does not realize how important it 
is to stay close to 3.25 per cent carbon iron. It is all right with him if it 
is 3.40 or 3.10 per cent carbon. Statistical data will show trouble as soon 
as he gets off the prescribed recommended compositions or recommended 
practices with respect to pouring or melting temperatures, or the kind of 
coke used, etc. 

That is a little different from the viewpoint of keeping records of what 
has happened and then going back and adjusting the practice to the re- 
sults obtained in the last 6 montis. 

Figure 8, for example, shows the relationship between scrap losses and 
the carbon-silicon content on cylinder blocks. A diagonal can be run on 
the diagram which shows the least amount of scrap, und this diagonal 
coincides with the diagonal of a balanced iron of the Maurer diagram. 


CHAIRMAN SCHUH: These remarks are borne out by some of our ex- 
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periences. We went to this method of trying to keep track of things go- 
ing on and to associate various variables to get a better class of rela- 
tionships more or less in self-defense from the research standpoint, 
which meant going over very numerous inspection and rejection reports, 
on the basis of which graphs of various kinds were drawn up. In doing 
that, we thought we might as well run copies off for the benefit of the 
operating department. Every month that we sent out a new set of these 
graphs, we would ask for comments on the part of the operating people, 
and all we would get in return was, “Very interesting—but how do you 
use them?” We are going to study this particular application as it was 
presented and try our methods somewhat differently with the hopes of 
obtaining a better understanding throughout the management of the 
company of the importance of this method of approach, because it really 
does mean money. 

MEMBER: When we get the statistical conception of a frequency 
curve, we find that we can show the management a frequency curve. It 
is quite easy to show that we cannot have one without a couple of tails 
on it, so that they will quit expecting the impossible, having a block of 
results right square in the middle of where they want them. 

Mr. FAIRFIELD: That statement is very true. The U. S. Ordnance is 
beginning to consider products in the light of the frequency distribution 
principle. Extreme results, or “tails,” are a normal occurrence char- 
acteristic of most processes. They occur in spite of arbitrary specifica- 
tions. Statistical quality control methods are being used to tell when an 
extreme result is normal (indicating the process is operating as usual) 
and when it is due to a definite removable cause. 

The purpose of this paper was solely to direct attention to a phase of 
foundry operation which is the most uncertain, subject to prejudice and 
the frailty of human judgment. The collection of data is characterized 
by precision of action and sources of error are rigorously suppressed. In 
the interpretation of collected data, however, there is no pattern of be- 
havior to follow and mistaken theories are developed. 

Statistical methods take large quantities of data and condense them 
into a concise form. This makes the problem of interpretation much 
easier. For descriptions of statistical methods the reader is referred to 
the bibliography attached to this paper. 











A Study of the Flowability of Foundry Sands 


By Erik QO. LIssSELL AND EuGENE J. Asu*, ANN ArBor, MICH. 


Abstract 


Flowability is an important property of foundry sands, 
but in the past has been rather difficult to determine. 
Several investigations of this property have been made and 
in a recent meeting of the Subcommittee on Flowability 
of the Foundry Sand Research Committee, the decision 
was reached that the term flowability involved several fac- 
tors. In this paper, the authors examine that property of 
molding sand known as flowability from two different 
angles, and by their efforts, contribute to a better under- 
standing of exactly what the term means. The authors 
differentiate between true flowability and compression 
flow. In their investigations, they have used both the 
round-grained and angular-grained silica sand and va- 
rious types of binders and reached the conclusion that 
while there are several methods for determining the com- 
pression flow of sand, no method has as yet been developed 
for the determination of true flowability as they interpret 
the term. 


1. A study of the literature on the subject of flowability of 
foundry sands indicates that there is a considerable difference of 
opinion as to the nature of this property. The main reason for this 
seems to be that the term flowability, when applied to sands, em- 
braces not one but several characteristics of the sand. 

2. The flowability of molding sands has been defined as ‘‘the 
property which enables the sand to flow when ramming pressure is 
applied.’’ Dietert and Valtier' made this somewhat vague defini- 
tion more concise by the following additional statement: ‘‘The 
greater the ease of flowing the more readily will the various sand 
grains, comprising a mold, flow together until all sand grains are 


*Instructor and former Associate Professor, respectively, Department of Metal Process- 
ing, University of Michigan. 

1 Superior numbers refer to bibliography at end of paper. 

Note: This paper was presented at a Sand Research Session of the 46th Annual 
A.F.A. Convention, Cleveland, O., April 24, 1942. 
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in contact, ...’’ This clarification suggests that Dietert and Val- 
tier look upon flowability as the ease with which sand can be com- ; 
pressed. Their method of determining flowability, 1.e., as the de- 
erease in height of a partially rammed specimen under a standard 
blow, is a further indication of this. 


3. Kyle? is studying the same property, namely, compressibility, 
but from the standpoint of obtaining a uniform structure. Aware 
of the progressive nature of the compression of foundry sands, 
he determines the variation in surface hardness at various distances 
from the point where pressure has been applied. Since surface 
hardness of a given sand is proportional to density or degree of 
compression of the sand, the test is actually a compressibility de- 
termination. 

4. Appreciating the fact that the term ‘‘flowability’’ stands for 
a combination of properties rather than a definite one, the writers 
have made an attempt to break up this complex property in its 
main components. The main part of this investigation is limited 
to only one phase of flowability called compression flow. 


Flowability 

5. It might be helpful to keep the difference between liquids 
and plastic solids in mind when considering flowability. A solid 
foreign body, partially immersed in a liquid, will readily displace 
the liquid. Removal of the body will immediately restore the orig- 
inal conditions, provided the liquid is normal and not supercooled. 
If the same foreign body is forced into a plastic solid, the solid will 
deform slightly, and the deformation is more or less permanent. 
Furthermore, a liquid will fill all cavities under the influence of 
the gravitational force when poured into an intricate container. 





6. The grains of a hypothetical sand, under certain conditions, 
may act similarly to the molecules of a liquid. Under other circum- 
stances, they are merely the constituents of a solid. Figure 1 
shows these two cases. The two sands are made up of sand grains 
that are assumed to be completely round and of the same size. 
Furthermore, the grains are shown in open packing to make the 


figures less intricate. 


Ideal Sand, Showing Complete Flowability and 
No Compressibility (Fig. 1A) 

7. The sand grains, all in contact, are surrounded by a thin film 
of an ideal lubricant, completely eliminating friction. The grains 
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will automatically arrange themselves in closest possible packing 
under influence of the gravitational force. A rod pushed down 
into the sand will displace the grains very easily, forcing them out 
into the space between rod and container. The individual grains 
move exclusively in directions other than that of the force applied 
on the rod. 


Ideal Sand, Showing Compression Flow or Compressibility 
But No True Flowability (Fig. 1B) 
8. The sand grains, in this case, are separated by a strong binder 

















Fic. 1—IpEAL SANDS INDICATING THE DIFFERENCE BETWREN TRUE FLOWABILITY AND 
COMPRESSION FLow. 


of a high plasticity. It is assumed that it is possible by means of 
riddling to arrange the grains symmetrically according to the fig- 
ures. A rod forced down into this sand will compress the sand 
locally as illustrated by Fig. 1B. Due to the high strength of the 
binder coating the grains, the intergranular friction between the 
grains in contact will be very high, restricting the movement of 
the grains in all directions, except that of the compressing force. 

9. In the true sense of the word, sand B, Fig. 1, has no flow- 
ability, while sand A, Fig. 1, shows a complete flowability. A flow 
takes place in sand B, but it is a flow of the binder between the 
sand grains within the region of direct compressive action and a 
movement of these grains with respect to each other to a state of 
contact or close packing. 

10. A sand showing complete flowability will, when put into a 
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mold or core box, completely surround the pattern and fill all 
cavities even without ramming. The density of this sand will be 
uniform throughout, and ramming pressure will be conducted in 
all directions. A sand of the other type, lacking true flowability, 
has to be tucked into all cavities, and the ramming force has to be 
applied as closely as possible and at right angles against the pat- 


tern surface at all points. 


Actual Foundry Sands 

11. The grains in actual molding and core sands are, however, 
neither uniform in size, shape, and distribution, nor is there an 
absence of friction between them. Foundry sands, therefore, show 
properties which are a combination of the extreme ones just dis- 
cussed 

12. In any foundry sand, distinction has to be made between 
the following types of flow: 

1. Flow under the influence of the gravitational force. This 
is solely a movement in the surface layers of the sand when filled 
into a mold. The angle of repose will give an indication of this 
property which could be called autoflowability. 

2. Flow under influence of applied force, e.g., ramming or 
squeezing. 

(a) Flow of the grains in the direction of the applied force. 
This property could be called compression flow, or simply 
compressibility. Any compression test is suitable to determine 
this property. 

(b) Flow of the grains in directions other than that of the 
applied foree. This is the true flowability of the sand. An 
extrusion test to determine the true flowability will be de- 
scribed in this paper. 

13. A dry sand free from binder, or a sand containing linseed 
oil, will show a high degree of autoflowability. This causes a green 
linseed-oil core to sag badly if not properly supported. 

14. Oil-bonded sand also possesses considerable true flowability. 
If rammed in a concave core box of cylindrical shape, the sand will 
tend to be thrown out of the box. A sand of high green strength, 
e.g., ceereal-bonded sand, on the other hand will stay in the box and 
compression occurs at the point of the blow. 


15. The true flowability of foundry sands can be greatly in- 
creased if air cushions are introduced between the grains. This 
decreases the intergranular friction more or less completely, air 
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actually being the medium in which the grains move. This fact 
has been utilized practically in the core-blowing process. 

16. The purpose of this investigation was mainly to study the 
work necessary to compress different sand mixtures and in this way 
obtain a measure of the compression flow or compressibility of the 
mixtures. A set of experiments was also run on extrusion of sim- 
ilar mixtures as an indication of their true flowability. 


Sands Used 

17. The base sands used for the tests were (1) Ottawa, round 
erained silica sand, A.F.A. Fineness 40, and (2) an angular-grained 
siliea sand with an A.F.A. Fineness 36. The sands were cleaned 
and graded further by sieving. 

18. The test sands, bonded with Western bentonite, were mixed 
in a wing mixer and cured in sealed jars for 24 hours. The linseed- 
oil mixtures were made immediately before testing. 


Fic. 2—Lert—CoNTAINER AND OrIFICE For EXTRUSION Tests. Fic. 3—RicutT—-Compres- 
SION APPARATUS WITH GAUGE, VERNIER, AND INDICATOR DIAL. 
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Fic. 4—COMPRESSION DATA OBTAINED ON THE COMPRESSION APPARATUS FOR THREE TESTS 
ON THE SAME SAND. 
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Fic. 5—CoOMPRESSION CURVES OBTAINED IN A REGISTERING UNIVERSAL TESTING MACHINE. 
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EQUIPMENT AND EXPERIMENTAL PROCEDURE 


Extrusion Tests 

19. The apparatus used for the extrusion tests is shown in Fig. 
2. The sand is simply enclosed in a regular A.F.A. specimen con- 
tainer and extruded through the 1-in. hole in the cover. A strip- 
ping post serves as piston. The compression was done in a uni- 
versal testing machine. 


Compression Tests 

20. Compression of the test specimens was done in an A.F.A. 
standard specimen container. The sand was well disintegrated 
before it was poured into the container, and care was taken to ob- 
tain as even a distribution as possible. 

21. The bulk of the tests was made on the compression machine 
shown in Fig. 3. The pressure was generally applied in steps of 5 
lb. in the range 0 to 50 lb., 10 Ib. in the range 50 to 100 Ib., and 75 
lb. in the range 100 to 475 lb., which was maximum pressure. The 
degree of compression was read on the Vernier scale and the dial 
indicator. Three sets of data were taken for each sand mixture. 
Figure 4 indicates the spread of values on a normal set of tests. 


22. Some of the compression tests were run on a recording uni- 
versal testing machine. The rate of loading was in this case 0.1 in. 
per min. in the range 0 to 200 lb., 0.05 in. per min. in the range 
200 to 400 lb., and 0.01 in. per min. in the range 400 to 600 Ib. 
Figure 5 shows the type of curves obtained. It has to be pointed 
out that these curves do not include compression caused by the 
loose plunger which was put on top of the specimen before the 
actual test began. The plunger weighs 3 lb. 


ResuLts OBTAINED 


Extrusion Tests 

23. The extrusion tests are recorded graphically in Fig. 6. Total 
load is plotted against time. The rate of loading was 0.03 ft. per 
min. The sand in the tube is compressed progressively under in- 
creasing load until a constant extrusion pressure is reached. The 
time necessary to attain this constant pressure is largely a function 
of the compressibility of the sand while the extrusion pressure de- 
termines the true flowability. A high true flowability results in 
a low extrusion pressure. The dry sand has a relatively nigh inter- 
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Fic. 6—EXTRUSION CURVES FOR ROUND-GRAINED SILICA SAND AND VARIOUS BINDERS. 


granular friction and therefore flows less easily than a sand bonded 
with linseed oil or a diluted bentonite mixture where the binder 
acts as a lubricant. Water alone increases the friction between 
the grains and consequently increases the true flowability. This 
result is in agreement with earlier findings by the authors*. The 
flowing pressure increases rapidly with the increasing strength of 
the binder. Experiments conducted on a mixture of 6 per cent 
bentonite and 5 per cent water resulted in breaking of the orifice 
at a load of 26,000 Ib. 


Compression Tests 

24. A number of compression tests were run by varying the 
nature or the amount of one of the constituents of the sand at a 
time. 

25. Effect of Variations in Bentonite Content. In the case of 
sand mixtures with varying bentonite content, the weight of the 
sand in the compression tube was kept constant. It was slightly 
changed only if the final height of the specimen fell outside the 
limits 2 in., £0.05 in. Table 1 gives the sand composition, weight. 
initial height, and final height of the specimen. It should be pointed 
out that the volume weight or density of the final specimens is 
almost independent of bentonite content within the limits tested. 

















i halk tah AD se oe 


oi AROS a AB 8y 


SP Boarinim mt, 


A NGS TREO inn «crt mR ES 


Painatapi as. Gia ce 


2 EAR eR ROM 


E. O. LISSELL AND E. J. ASH 645 


26. Assuming that a slight variation in the final height of the 
compressed specimen would not materially influence the com- 
pression data, all load and compression values were recalculated 
to a final height of 2.0 in. 

27. The hyperbolic compression curves, Figs. 7 and 8, show com- 
pression load plotted against height of the specimen. The area 
under the curves represents the compression work. The compres- 
sion work, caleulated from these curves, is given in Figs. 9 and 10 
as a function of height of the specimen. Especially at high ben- 
tonite contents, the shape of these two types of diagrams indicates 
that most of the compression takes place before the pressure ap- 
plied has reached 25 lb. The force necessary for compression in- 
creases very rapidly towards the end of the test. The same is true 
for the work input. The results indicate that, to obtain a given 
density, more work has to be put in as the bentonite content in- 
creases, Other factors being constant. This is in accordance with 
the practical experience in the foundry. A sand of high green 
strength is harder to ram than one of low green strength. A sand 
mixture containing 10 per cent bentonite attains its maximum 


Table 1 


DATA ON COMPRESSION TESTS 


Total 
Com- 
Ben- Yois- Initial Final pression 

tonite, ture, Weight, Height, Height, Work, 
Sand percent percent grams in. in ft. 1b. 
0 5.0 167 2.50 2.01 1.63 

2 4.5 167 3.25 2.03 2.58 

Round-grained 4 4.8 167 3.50 2.02 3.34 
Silica 6 4.9 167 3.75 2.01 4.25 

8 5.0 167 4.00 1.97 5.76 

over 

10 5.2 167 4.00 1.95 6.20 

0 5.0 168 2.50 2.00 1.44 

Round-grained 2 4.5 167 3.10 2.02 2.50 
Silica 4 4.6 167 3.30 2.01 2.88 
40-mesh 6 4.7 167 3.60 2.01 3.67 

8 4.7 167.5 3.75 2.00 4.72 

10 5.0 168 4.00 1.97 5.42 

Round-grained 2 4.7 166.5 3.25 2.04 2.60 
Silica, 70-mesh 6 4.6 166.5 3.65 2.04 4.08 
0 5.0 146 2.60 2.05 3.02 
Angular-grained 2 4.7 146 3.25 2.06 3.97 
Silica, 40-mesh 6 4.6 146 3.50 2.05 4.70 
10 4.8 146.5 3.75 2.00 6.25 
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HEIGHT OF SEECIMEN NCHES 
Fic. 7—COMPRESSION CURVES FOR 40-MESH ROUND-GRAINED SILICA SAND BONDED WITH 
VARIOUS AMOUNTS OF BENTONITE, MAINTAINING THE MOISTURE CONTENT AT 5 PER CENT. 


strength at 5 per cent moisture. If the bentonite is lowered to 2 per 
cent, the sand will be overtempered and the strength consequently 
will be lower, as has been shown by Briggs and Morey‘. This ex- 
plains the increase in compression strength with increasing benton- 
ite in the mixtures. 

28. Since the compression flowability test is somewhat related to 
the Dietert flowability test, it is worth while to compare the results 
obtained by the different methods. In Figs. 11, 12 and 13, the to- 
tal compression in inches, the inverse value of the Dietert flow- 
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Fic. 8—CoMPRESSION CURVES FOR 40-MESH CRUSHED SrLiIca SAND BONDED WITH VARIOUS 
AMOUNTS OF BENTONITE, MAINTAINING THE MOoISTURE CONTENT AT 5 PER CENT. 
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Fic. 9—COMPRESSION WoRK CURVES FOR 40-MESH ROUND-GRAINED SILICA SAND BONDED 
WItH VARIOUS AMOUNTS OF BENTONITE, MAINTAINING THE MoIsturB CONTENT AT 6 
PER CENT. 


ability, and the total compression work are plotted versus percent- 
age of bentonite. The compression work and the Dietert flowability 
check very closely in every respect. The degree of compression shows 
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Fic. 10—CoMPRESSION WorK Curves For 40-mMESH CRUSHED SILICA SAND BONDED WITH 
VaRkiouS AMOUNTS OF BENTONITE, MAINTAINING THE MOoIsTURB CONTENT AT 5 PER CENT. 











TAINING 


NCHES 


«ec 


OMPRE 
OWABIL 





COMPRESSION, 


Co 


MOISTURE 





TOTAL COMPRESSION 
BENTONITE C 
THE 


BENTONITE CONTENT FOR 40- MESH 


THE 


NTENT FOR ROUND-GRAINED 








FLOWABILITY OF FOUNDRY SANDs 





AND TOTAL 
SILICA 
CENT 


DIETERT FLOWABILITY, 
SAND, 
PER 


CONTENT AT 5 


COMPRESSION WORK AS A 
MAINTAINING THE 





| aE 


, DIETERT FLOWABILITY, 
ONTENT FOR 40-MESH 
MOISTURE CONTENT 


AT 5 PER CENT. 


NTONITE 


COMPRESSION, DIETERT FLOWABILITY, AND TOTAL COMPRESSION WORK AS A 
Sitica SAND, 


CRUSHED 
PER CENT. 


MOISTURE CONTENT AT 5 








AND TOTAL COMPRESSION WORK AS A 
ROUND-GRAINED SILICA SAND, 














Aa ltt ia cit 


£. O. LISSELL AND E. J. ASH 649 


Table 2 


DaTA ON WATER AND O11 MIXTURES 


Total 
Com- 
Mois- Initial Final pression 
Oil, ture, Weight, Height, Height, Work, 
Sand per cent percent grams in. in. ft. lb. 
Round- fo 5 167 2.50 2.01 1.63 
grained 2 0 163.5 2.06 2.00 0.63 
Silica | 2 5 171 2.13 1.96 


the same general trend as the other two, but the magnitude of the 
values seems to vary differently. 


29. Effect of Linseed Oil. The data for the oil and water mix- 
tures are given in Table 2. 

30. Oil lubricates the sand grains and therefore makes it possible 
to obtain a close packing without external pressure. Water, on the 
other hand, increases the intergranular friction and tries to main- 
tain a more open packing, making a certain degree of compression 
possible. In the compression and compression work curves, Figs. 
14 and 15, this is evident from the difference in total compression 
and the compression work at any stage. The curves for mixtures 
2 and 3, Table 2, practically overlap each other. 

31. Effect of Variation of Moisture in Bentonite Mixtures. The 
specimen weights chosen in the experiments with different mois- 
ture contents were based on a constant dry volume weight or density 
of the final specimen equal to 160 grams. The mixtures and the 
test data are given in Table 3. 

32. The curves, Figs. 16, 17 and 18, indicate that the com- 
pressibility of the sand decreases with increasing moisture content, 
suggesting that 2 per cent moisture in the mixture corresponds to 


Table 3 
Data ON EFFECT OF VARIATION OF MOISTURE IN BENTONITE 
MIXTURES 
Total 
Com- 
Ben- Mois- Initial Final pression 
tonite, ture, Weight, Height, Height, Work, 
Sand per cent percent grams in. in. ft. lb. 
4 2 163.5 3.80 2.05 3.76 


Round-grained 4 166.5 3.70 2.03 3.51 


4 
Silica 4 6 170 3.70 2.05 3.24 
4 10 176 3.40 2.05 2.47 
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Fic. 14—Lert—CoMPRESSION CURVES FOR ROUND-GRAINED SILICA SAND MIXED WITH LIN- 
SEED OIL AND WATER. Fic. 15—RiGHT—COMPRESSION WoRK CURVES FOR ROUND-GRAINED 
SmticaA SAND MIXED WITH LINSEED OIL AND WATER. 


or approaches the point of maximum strength of the binder. In- 
creasing moisture content makes the bentonite weaker from this 
point on. The initial height of the specimen is lowered because the 
erains are no longer as widely separated as before. Compression 
load and work are decreased due to increased flowability of the 
binder. 


Effect of Variation in Size and Shape of Sand Grains. The 
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Fic. 16—EFrect oF MOISTURE ON THE COMPRESSION CURVES OF ROUND-GRAINED SILICA SAND 
CONTAINING 4 PER CENT BENTONITE. 
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Fic. 17—EF¥YEcT OF MOISTURE ON THE COMPRESSION WORK CURVES OF ROUND-GRAINED 
Smica SAND CONTAINING 4 PER CENT BENTONITS. 


compression load and compression work curves for 40- and 70-mesh 
round-grained silica sand and 40-mesh angular-grained sand mixed 
with 6 per cent bentonite and approximately 5 per cent water are 
shown in Figs. 19 and 20. More work is obviously required to 
compress the angular sand than the round due to higher friction 
between the sharp grains which restricts movement not only of 
the grains themselves but also of the binder between them. It also 
could be expected that the finer grains should be harder to com- 
press in view of the larger amount of surface exposed and the de- 
crease in size cf the intergranular voids. Both of these factors will 
restrict the free flow of the bentonite which is essential for a high 
compressibility value. 
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Fic. 18—ToTaAL COMPRESSION, DIgTERT FLOWABILITY, AND TOTAL COMPRESSION WORK AS A 
FUNCTION of MoIsTURE CONTENT FOR ROUND-GRAINED SILICA SAND, BONDED WITH 4 PER 
CENT BENTONITE. 
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CONCLUSIONS AND RECOMMENDATIONS 


‘4. From the results of this investigation, the following recom- 
mendations and conclusions may be drawn: 
1. Distinction should be made between flowability under con- 
ditions of freedom from any external force other than the gravi- 
tational, which could be called autoflowability, and the flow of 


a sand under an applied foree. 











Fic. 19—Errect oF SIZE AND SHAPE OF GRAINS ON THE COMPRESSION CURVES OF VARIOUS 
SANDS, BONDED WITH 6 PER CENT BENTONITE AND 5 PER CENT WATER. 
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Fic. 20—Errect oF Size AND SHAPE OF THE GRAINS ON THE COMPRESSION WoRK CURVES OF 
Various SANDS, BONDED WITH 6 PER CENT BENTONITE AND 5 PER CENT. WATER. 
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2. The flowability of a sand under an external foree, such as 
ramming, squeezing, jolting, and also the pressure of molten 
metal can be divided into: 

(a) Compression flow, which is mainly a flow of the binder 
between the sand grains and the movement of the grains them- 
selves largely in the direction of the applied force. 

(b) True flowability, which is the flow of the sand grains 
in directions other than that of the applied force. 

3. Several good testing methods have been devised to de- 
termine the compression flow. The Dietert method shows an 
excellent agreement with flowability in terms of total compres- 
sion work as described in this paper, and is recommended as a 
eood standard test on compression flow. 


4. No method is developed for the determination of the true 
flowability. The extrusion method has here been suggested as one 
possible approach to the problem, and further work along this line 
might prove fruitful. 
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DISCUSSION 


Presiding: N. J. DunBeck, Eastern Clay Products Co., Eifort, Ohio. 

Co-Chairman: C. M. SAEGER, JR., Bureau of Standards, Washington, 
D. C. 

CHAIRMAN DUNBECK: This work on flowability is very interesting, 
and something that probably most of us think we have not known quite 
enough about so far. I think we have rather a new slant on it in this 
paper, and I hope more work can be done on it. In mentioning that the 
round-grained sand and the angular-grained sand had different flowabil- 
ity, was that a difference of some real magnitude? Was it something that 
you could just measure, or was it a really great difference? 








654 FLOWABILITY OF FOUNDRY SANDs 


Mr. LISSELL: Comparing the sands shown in Fig. 19, the round- 
grained 40-mesh sand showed a flowability, or a compression work, of 
3.67 ft.-lb. The angular silica, 40-mesh, showed a flowability of 4.70 ft.- 
lb., a difference which is appreciable. It is to be noted in this case, how- 
ever, that the weight of these two specimens is not the same. 

E. Pracorr, JR.!: I was interested in the curve showing pressure-time 
relationship, using the extrusion instrument. Will you give us a little 
bit more about that, that is, in terms of the units and relationship of one 
to the other? 

Mr. LISSELL: Figure 2 shows the apparatus. The piston moves upward, 
and because the area at the top of the tube is restricted as compared with 
the area of the tube, the grain has to move over toward the small top 
opening before it can flow through it. The movement of the grain must be 
in the direction other than that in which the force is applied. It is not 
merely compression. However, the sand must be partly compressed before 
the sand flow actually reaches a constant volume. Sand will be coming 
out of the small top hole during the entire test, from the beginning of the 
compression, but, in time, a steady flow is reached. In plotting those 
curves, I simply plotted the force on the container versus the time. 

Mr. PRAGOFF: The total time the force was applied? 

Mr. LISSELL: Yes. We recorded at certain intervals. 

RUSSELL MANLEY*: Do I understand that you took a specimen, rammed 
it, and then put it in that tube? 

Mr. LISSELL: No, it cannot be rammed first. Care must be exercised 
in putting the sand in the tube. If the sand is rammed just a little or 
is pressed down before extruding is started, a different shaped curve 
will be the result. 

Mr. MANLEY: That is what I wondered about. We started to do some 
similar work. At the time, we did not have anything that enabled us to 
make our own heap sands, and we soon came to the conclusion that 
flowability on new molding sand really did not mean a lot, for our an- 
swers varied so tremendously on the same sand the way it was worked 
up. If a good, high flowability, or, shall we say, moldability was desired, 
the sand had to be in the most fluffy state possible. If we took the sand 
and shook it a little bit and put in the specimen, we got one answer. If 
we took the sand and worked it a little bit and got it in just the 
right degree of fluffiness, the flowability would go way up. In those 
flowability tests, we used a washer %-in. thick, with a hole in the center, 
tapering from %-in. at the top to %-in. at the bottom. This washer 
fits into the bottom of a standard specimen tube. We found immediately 
that the condition of the sand changed the flowability. We rammed our 
specimen once, twice, and three times, and compared the hardness right 
at the end of the little tip down ut the end, with the hardness on the 
shoulder at the top of the washer to find out if the sand is going to [ill 
pockets and give a good hard mold surface when rammed. I have seen 
cases where sands containing too much bentonite flowed out from under 
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the rammer. That is an extreme case of flowability. In making large 
molds, sands with high flowability are undesirable. 

Mr. LISSELL: Our experience has been much the same. As soon as a 
high compressibility is reached, the friction between the grains becomes 
very high, and there will be no elastic flow to speak about at all. There- 
fore, it is impossible to get any result in a test like that. It is actually 
an indication of that clastic flow as almost negative in this case. 

Mr. MANLEY: Do you cover the hole, fill the tube and then invert it 
over the compression post? 

Mr. LIsSELL: No, we used a holder to keep the tube as high as pos- 
sible, riddled the sand down to get it as fluffy as possible, and then put 
the top on. There is 1c load on the sand to start with. If the specimen 
is compressed so the grains get in the closest possible contact, there 
seems to be very little possibility of moving them with respect to each 
other in directions other than that of the applied force, and, therefore, 
there is no sand extrusion. 

Mr. MANLEY: We found in what we did that we had to either jolt the 
sand or use a vibrator on it for a definite period, and we established a 
semi-standard of dropping the sand container and all just exactly one-in., 
three times. Until we did that, we had absolutely no answer at all, and 
we could not check anything. 

Mr. LISSELL: On the other hand, if you take linseed oil and mix it in 
the sand, it can be rammed as hard as desired. Then, if it is put in the 
extrusion apparatus, under the machine, and compressed, the sand 
will come out very nicely, because there is no high friction between the 
grains. 

Co-CHAIRMAN SAEGER: Assume that it is a l-in. hole, as you say, 
is it a straight wall hole? 

Mr. LISSELL: Yes. 

Co-CHAIRMAN SAEGER: Did you try any taper hole? 

Mr. LISSELL: No. 

Co-CHAIRMAN SAEGER: What is the depth of that hole? 

Mr. LISSELL: About %-in. 

Co-CHAIRMAN SAEGER: Some years ago, working on the development 
of the compression test apparatus, I was interested in possible correla- 
tion of deformation and compression strength with regard to flow. In 
your work, you correlated everything from the deformation of the speci- 
men to flow. I found that if sand is kept to its best working temper to 
establish its strength, varying clays (we will say bentonite which is con- 
sidered a plastic clay, as compared to some other type of clay more or 
less a fire clay variety), there will be more deformation with the plastic 
clay as compared to the fire clay, and there is enough difference to give 
a correlation between deformation and flow. 

Mr. LISSELL: It seerns to me that you can get a correlation if the mois- 
ture is kept below temper, but as soon as it goes above temper, the speci- 
men will start to sag and bulge in the deformation apparatus. Under 
these conditions, it is not a straight correlation. 

Co-CHAIRMAN SAEGER: I mean, establish the best working temper for 





656 FLOWABILITY OF FOUNDRY SANDs 


a given sand with a given clay content and then see how it bulges before 
it breaks. 

CHAIRMAN DUNBECK: I think that the work done at Michigan State 
College shows that there is a difference in the deformation of the mold, 
or a change in the size of the cavity, depending on the type of clay or 
sand used. 

M. E. Gantz*: We have been rather disappointed in the Dietert test 
of flowability for the reason that, using synthetic sand, it is possibile to 
get enough bentonite into the sand so that when it is tested for flowabil- 
ity, the flowability will be very high, and yet when the specimen is 
examined after the test is finished, it can be readily seen, at the bottom 
of the specimen, that it did not fill out very well. 

With the sand of grain fineness of 60-65, containing three to five per 
cent bentonite, a bridging effect of the sand is obtained which is not in- 
dicated on the Dietert machine. Would that disadvantage be eliminated 
by this type of test? 

Mr. LIssELL: I would say that this type of test is quite limited. It 
cannot be used with a binder of high strength plasticity, because this test 
is not supposed to be used for compressibility. As I said before, I don’t 
think there is much of an elastic flow with a plastic binder. 

Mr. PRAGOFF: The Subcommittee on Flowability of the Foundry Sand 
Research Committee, of which I am a member, is very much interested 
in work of this sort. We have only recently oriented our thoughts as to 
what would be desirable tests in order to apply such information to 
everyone’s problem. 

As Mr. Lissell has pointed out, the relative flowability of a very 
flowable sand may be significant to a certain type of core or molding 
sand mixture, and it may have no significance to someone working at 
the other end of the scale. We are, however, endeavoring to set up a 
program, and we hope to have something to report later on, starting 
with sand which has not been put into a specimen first, and, possibly, 
while applying force to that specimen, we shall be able to learn more 
about flowability. We may have to modify our methods of testing to give 
information that is applicable over the whole range. It is always a prob- 
lem to attempt to set up a method of physical testing. It is necessary 
to compromise between the ideal, from the academic point of view, and 
the practical, from the foundry's point of view, and we hope to be able 
to make progress on it before long. 

Mr. LISSELL: It seems to me that in determining flowability for, for 
instance, blowing sand, the elastic flowability, what we call the true 
flowability, is the important thing, and our compression test will not 
give an indication as to that property. On the other hand, a steel mold- 
ing sand, especially for dry sand molding, where the plasticity is very 
high, would need a testing method which would indicate compressibility 
of the sand rather than the elastic flow. It is difficult to find one test- 
ing machine that will give information about both. 
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